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TO MY MOTHER 


MADAM EGBEMWENOGHAYE ONAGHISE 


ABSTRACT 


Fababeans (FB) (Vicia faba L. minor) and cassava 


(Manihot esculenta Crantz) are potential alternative protein 
and energy sources respectively for replacement of soybean 
meal (SBM) and cereal grains in pig diets in order to reduce 
cost of feeding and competition with humans. Increased 
knowledge of the relative and intrinsic worths of FB and 
cassava would facilitate their optimum utilization to 
achieve these goals. 

One hundred and twenty crossbred weanling pigs were 
used in an experiment to study the effects of partial or 
total replacement of SBM by ground unprocessed FB and of 0, 
20 and 40% cassava in the diet. Evaluation criteria were 
average daily feed intake (FI), average daily gain (ADG), 
efficiency of feed conversion (EFC), carcass traits, energy 
and nitrogen digestibilities and thyroxine (T4) , and 
triiodothyronine (T3) levels in the plasma. There were 15 
dietary treatments and four pigs per treatment replicated 
twice during the starting phase (9 wk.). At the end of this 
phase, all pigs were fed the respective 0% cassava diets, 
making a total of 5 dietary treatments during the finishing 
phase. Energy and nitrogen digestibilities were determined 
by both the 4N-HC1 and total collection methods. 

During the starting phase, partial replacement of SBM 
by FB or FB supplemented with lysine and methionine had no 
Significant effects on FI, ADG or EFC. Total replacement of 
SBM with FB, even when supplemented with lysine and 
methionine, produced significantly lower (P<0.01) FI and ADG 
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than did the SBM or SBM-FB diets. Lysine and methionine 
Supplementation of the diets with FB as the sole supplement 
Significantly improved ADG and EFC. Cassava inclusion at a 
level of up to 40% did not significantly reduce FI, ADG or 
EFC in any of the dietary groups. 

Energy and nitrogen digestion coefficients by the total 
collection method were significantly higher (P<0.01) than 
those by the 4N-HC1 method. There were no significant 
differences between treatments for digestible energy (DE) by 
the total collection method or digestible nitrogen (DN) by 
either method. The feeding of cassava had no significant 
effect on plasma T3 or T4 levels within treatment groups. 

During the finishing phase, partial or total 
Ceplacement of SBM by FB had no significant effect on EFC. 
The FB diet supplemented with lysine and methionine produced 
FI and ADG significantly lower than SBM or SBM-FB diets. 
Slaughter age was increased for pigs fed the sole FB diet. 
Carcass weight and total backfat were reduced for pigs fed 
sole FB diets unsupplemented with lysine and methionine but 
other carcass measSurementS were not influenced by treatment. 

The results indicate that ground unprocessed FB, 
supplemented with lysine and methionine, can fully replace 
SBM in the diets of finishing pigs but not starting pigs. 
Cassava can be included in the diet of starting pigs at up 
to 40% of the diet without significantly affecting 
performance when appropriate adjustments are made in 
supplemental protein levels or in lysine levels of the 


diets. 
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INTRODUCTION 


The ever increasing world population demands a 
continued interest in increasing the quantity and quality of 
food produced to meet the needs of these new generations and 
thus reduce the problems of hunger, malnutrition and 
kwashiokor that are so prevalent in the world today. In 
helping to develop and expand the animal industry to meet 
this demand, the animal nutritionist must try to reduce 
competition between the human and animal populations for 
available energy and protein sources. 

Pigs require large quantities of energy and moderate 
quantities of protein for their growth and development. In 
many developing countries, the annual production of cereal 
grains is not enough to satisfy the needs of the human 
population, much less livestock. However, large quantities 
of other potential feedstuffs exist if they can be 
incorporated into efficient and economical rations for pigs. 
Even in the large pork producing countries, grains are 
getting short for livestock feeding. In 1973, the American 
and Canadian pork producer was faced with the highest feed 
grain and protein supplement prices ever recorded (Tanksley, 
1973). Improved cereal and oilseed production has resulted 
in only partial relief in the years since 1973. 

Research studies by swine nutritionists have thus been 
accelerated to find cheaper and less competitive protein and 
energy sources for pig feeding without sacrificing 
performance. The study reported herein was part of this 
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effort. It was designed to evaluate the feeding value of 
fababeans and casSava for growing-finishing pigs. The 
effects of feeding a lower level of protein than recommended 
by the National Research Council (NRC) 1973 and the 
influence of supplementation with lysine, methionine and 
cystine on the performance of pigs were also studied. The 
parameters measured in the study were feed intake (FI), 
average daily gain (ADG), efficiency of feed 
conversion(EFC), carcass characteristics and blood thyroxine 
(T4) and uptake of triiodothyronine (T3) levels. The study 
was undertaken at the Edmonton Research station of the 
Department of Animal Science, The University of Alberta 


between April, 1975 and January, 1976. 
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LITERATURE REVIEW 


Protein and Amino Acids 

Protein supplementation of diets for the growing pig 
demands a knowledge of the pig's requirements, so that the 
composition of suitable rations can be decided. This 
knowledge requires an accurate definition of the changes in 
morphological, chemical, enzymatic, and physiological 
characteristics during the growth of the animal (Rerat, 
T9725 

Experiments with the growing-finishing pig show that 
the lipid proportion of carcasses is low at birth, increases 
rapidly during the first three weeks, stabilizes until after 
weaning and then increaSeS again. At the same time the 
proportion of lean in carcass decreases gradually during 
growth. 

Muscle tissue is synthesized from the protein in the 
diet. Since the objective of swine production is to produce 
lean-type pigs, it is necessary that the protein supply, and 
more particularly, the essential amino acid supply should 
provide the daily optimum for the required body and growth 
Characteristics. When the supply is sub-optimal, tissue 
proteins are broken down to supply amino acids for the 
Synthesis of essential body proteins. Thus in protein 
feeding of pigs we are guided by the basic laws governing 
lean meat and fat formation (Clausen, 1965). 

1. No pig can form lean meat up to the limit determined 


by its heredity unless its diet contains sufficient 
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quantities of protein of high biological value. 

2. When the pig's daily requirements for maintenance 
and lean meat production have been met, the rest of 
the ration must inevitably be used for the formation 
oferta. 

The above statements recognize the fact that body 
nitrogen has its origin in the proteins contained in its 
food and that these proteins differ in nutritional quality. 
The reason for the difference in nutritional quality of 
protein did not come to light until the pioneering work of 
Hopkins (1906) and of Osborne and Mendel (1914) which gave 
rise to the concept of dispensable and indispensable amino 
acids. This concept indicated that the nutritive value of a 
protein is related to its amino acid composition. Further 
Studies (Rose, 1938) revealed that the nutritional quality 
of a protein depends not only on its amino acid composition 
and the specific amino acid requirement of the animal but 
also on the availability of the amino acids in the protein. 
Thus the idea of availability as distinct from total amino 
acids present in a dietary protein is important in 
determining the ability of a protein to supply the 
requirements of the animal. Therefore subject to variations 
in digestion and absorption, the protein which can meet the 
requirement of the animal is that which can supply all the 
essential amino acids needed in the proportion most nearly 
like that in which they exist in the tissue to be formed 
plus an appropriate non-specific source of nitrogen to forn 


non-essential acids. The reports of Elman (1939) and Melnick 
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et al. (1946) emphasize that protein synthesis does not 
occur unless a Complete mixture of the essential amino acids 
is present at one time. 

Jones et al. (1967) indicated that an excess or 
deficiency of some amino acid may lead to an overall 
depression in amino acid availability. Jones (1964) had 
earlier shown the influence of excess lysine on the reduced 
availability of arginine to chicks. Harper et al. (1970) and 
Chamberlain (1971) stated the following as conditions under 
which amino acids can affect protein utilization: (1) amino 
acid imbalance, (2) amino acid antagonism, (3) amino acid 


toxicity. Any of the above conditions are now known to 


influence the performance of pigs. 
Protein Requirements 


Various studies have been carried out over the years to 
determine the optimum levels of protein and amino acids for 
the growing pig. Most of these experiments have been aimed 
at determining a difference in response to different 
concentrations of crude protein. 

Woodman et al (1939)indicated that pigs would grow 
satisfactorily on lower levels of protein than recommended 
at that time. Woodman and Evans (1940, 1941, 1948) therefore 
directed their studies to determining the minimum levels of 
protein intake consistent with rapid growth rate and 
satisfactory carcass quality. They found that a diet 


consisting of cereals and wheatings and supplying 7% fish 
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meal (FM) and 15% crude protein gave satisfactory results 
when fed to bacon pigs from weaning to 41 kg live weight. 

The protein requirements of the growing pig were 
extensively reviewed by the Agricultural Research Council 
(ARC) (1967). fhe ARC remarked that it is difficult to 
distinguish between responses to the different crude protein 
levels used because most of the experiments were not 
sufficiently sensitive or large enough in scale to allow 
determinations of optimum levels of crude protein required. 
Maximal response appeared to be approached asymptotically in 
most of the experiments. The general impression from the 
data reviewed by ARC is that if the level of protein is 
unchanged from weaning to 90 kg live weight, and antibiotics 
are not used, 16% crude protein will yield satisfactory 
growth rate and feed efficiency for pigs fed ad libitum. 
When the diet is changed from growing to finishing, the 
literature reviewed suggests that for optimum ADG and EFC, 
ee crude protein requirement up to 45-50 kg live weight is 
18.5-20% on a dry matter basis and from this weight to 
Slaughter, 15-16 percent. 

Bowland (1970) compared the effects of different levels 
of protein on the performance and carcass quality of pigs 
from 7 to 86 kilogram. The diets offered in the three stages 
(starting, growing and finishing) contained 20, 17, 14; 20, 
16, 14: 17, 17, 17; 14, 14, 14 or 14, 14, 14% crude protein 
supplemented with L-lysine and DL-methionine in the starter 
phase. The results showed that the performance of the pigs 


fed the 17% crude protein throughout was as good in ADG, EFC 
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and carcass quality as those fed higher levels of protein in 
the starting period. The pigs on the 14% crude protein or 
the 14% crude protein supplemented with lysine and 
methionine were inferior in performance to the pigs on _ the 
other treatments and required more days to reach market 
weight. 

Pierce and Bowland (1972) reported a similar experiment 
to the above but with Some modification. Treatments 1, 2, 3, 
4 were the same as the ones reported above. In treatment 5, 
the 14% protein supplemented with lysine and methionine was 
fed to the pigs during the starting, growing and finishing 
stages. An additional treatment with 14% protein 
supplemented with lysine alone was included and fed to the 
pigs during the starting, growing and finishing eae. 
These latter protein levels were lower than recommended by 
National Academy of Sciences-National Research Council (NAS- 
NRC) (1968) for pigs of the same age and live weight. They 
found that FI, ADG and EFC were inferior in the starter 
phase for the pigs fed 14% protein throughout compared with 
the other dietary combinations. Amino acid supplements 
improved FI, ADG and EFC compared with the 14% protein diet 
but lysine and methionine as dietary additions in 
combination did not appear to have any beneficial effect 
over lysine added alone. They therefore suggested that the 
total sulfur amino acid (methionine and cystine) 
requirements of pigs are probably lower than recommended by 
NAS-NRC (1968). 


Kornegay t al. (1973) used Several protein sequences 
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from 16-16-16 to 12-12-12 and three protein levels (16,14, 
12%) to evaluate the effects of dietary protein level on pig 
performance and carcass quality. They concluded that a 
protein level sequence of 16-16-14 or 16-14-14 in corn- 
soybean diets optimized gain, EFC and carcass quality. The 
pigs fed the lower protein sequences (14-12-12 and 12-12-12) 
had poor carcasses and the cost per pound gain was higher. 
Kornegay et al (1973) fed a corn-based diet whereas Bowland 
(1970) and Pierce and Bowland (1972) fed diets based on 
barley and wheat. The difference in protein level of the 
basal cereals probably explains the differences in absolute 
levels of protein found to meet requirements. 

McConnell et al. (1973) fed a 16% protein diet 
throughout the growing-finishing period and observed a 
Slight improvement in rate of gain and feed efficiency 
compared with pigs changed to a 14% protein diet at 57 and 
80 kg bodyweights respectively. 

Mahan et al. (1973) fed four protein levels (14, 16, 18 
and 20%) during the growing period and the same 13% protein 
diet to all treatments during the finishing period. They 
observed higher gains on the 16 and 18% protein diets than 
the 14 and 20% diets during the growing period. Feed 
efficiency however increased linearly as dietary protein 
levels increased up to 18 percent. During the finishing 
period, ADG and EFC decreased as dietary protein level fed 
during the growing period increased. This result suggested a 


compensatory growth during the finishing period for the pigs 


previously fed low protein diets. 
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Pay and Davies (1973) studied different levels of 
dietary protein (16, 18, 20%) for boars and reported no 
Significant advantage in performance or carcass merit from 
feeding dietary protein above 16 percent. Weight gains were 
Slightly higher on the 18 and 20% diets during the growing 
and finishing periods but resulted in essentially no 
advantage for the higher protein diets. 

Davey and Frobish (1975) fed various protein sequences 
to 7-week-old pigs up to 90 kg live weight. The first group 
was fed a 16% protein diet throughout while the others 
received the foliowing protein sequences 16-14-12; 16-12-12; 
14-12-12 and a 12% protein diet supplemented with L-lysine 
to equal the 16% diet. The fastest overall ADG were made by 
those receiving the protein sequences 16-14-12 or 12% plus 
lysine and the best EFC by groups fed 16% protein throughout 
or 12% protein plus lysine. 

It is evident that, because of variation in levels of 
essential amino acids, it is difficult to make firm 
recommendations on requirements on the basis of crude 


protein levels in pig diets. 


Amino Acid Requirement and Supplementation 

Amino acid supplementation of low protein diets and the 
effects on the performance of growing-finishing pigs are now 
being studied widely. Several reviews, including 
recommendations on requirements, have been published in 
recent years, (ARC, 1967; NAS-NRC, 1973; Rerat and Lougnan, 


1968; Tanksley, 1973). 
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Tanksley (1973) suggested that on a corn-soybean meal 
low protein diet (12 and 10%), lysine proved to be the first 
limiting and tryptophan the second limiting essential amino 
acid during the growing and finishing phases. Aherne et al. 
(1974) suggested that lysine is the first limiting amino 
acid for pigs in wheat and barley-based diets. Tanksley 
(1973) put forward a hypothesis that the requirement for a 
limiting amino acid remains a constant percent of the 
dietary protein for protein levels ranging from subadequacy 
to adequacy. 

Brown et al (1973a,b) re-evaluated the lysine 
requirement of finishing pigs using a 13.3% protein corn- 
sesame meal diet containing 3.50 Mcal Metabolisable Energy 
(M.-E.) /kilogran. The results Showed that the lysine 
requirement was 0.48% of the diet for maximum gain, 0.60% 
for maximum EFC, 0.51% for maximum lean cuts and 0.60% for 
maximum loin eye area. 

ARC (1967) recommended minimum lysine levels of 0.9% in 
18.5% crude protein (dry matter basis) for pigs up to 50 kg 
and 0.7% lysine in 15% crude protein for pigs from 50-90 kg 
live weight. 

Increased response to lysine supplementation has been 
observed when tryptophan was added to the diet (Gallo and 
Pond, 1968). The superiority of Opaque-2 maize to "normal" 
Maize has been attributed to higher concentrations of lysine 
(4.2% cf. 2.6%) and tryptophan (1.3% cf. 1.0%) in the crude 
protein. Cromwell et al. (1967) supplemented normal maize 


with these amino acids and got results similar to those 
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obtained with unsupplemented Opaque-2 corn. Tanksley (1973) 
indicated that if the widely varying tryptophan requirements 
given in the literature for pigs are recalculated using 80% 
availability factor for Di-tryptophan and the requirement is 
expressed as a percent of the protein, the values will come 
close to 0.70% for growing-finishing pigs. 

Although methionine has been shown to be the first 
limiting amino acid in soybean protein, Berry et al. (1966) 
used diets based on maize, oats, barley and soybean meal and 
his results showed no advantage in adding this amino acid. 
This is probably because sufficient sulphur-containing amino 
acids are provided from the cereal component of the diet to 
ensure that sufficient methionine is available in the diet. 

Numerous references appear in the literature reporting 
the response of pigs to amino acid supplementation of low 
protein diets. Representative experiments are discussed. 

Bowland and Grimson (1969) showed that the addition of 
0.57% lysine to diets containing 14% protein increased ADG 
and EFC of 3- to 9-weeks old weanling pigs to a level 
equivalent to that obtained with a 22% protein diet. 

Thrasher and Simoneaux (1973) obServed Significantly 
faster ADG and improved EFC on a 16-14 protein sequence than 
on a 14-12% sequence. When the 14 and 12% diets were 
supplemented with 0.15% L-lysine, ADG and EFC were 
essentially the same as those obtained on the 16-14% protein 
sequence. 

Wahlstrom and Libal (1973) obtained Similar results to 


those of Thrasher and Simoneaux when they compared 17-14% 
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and 14-11% protein feeding regimens. Lysine supplementation 
(0.1 or 0.2%) of the 14-11% protein sequence improved feed 
efficiency while 0.2% methionine supplementation had no 
beneficial effects in the presence of lysine and depressed 
gain when added alone. Orr (1973) also observed no 
favourable response from the addition of 0.05% methionine to 
a 16% protein corn-soybean meal diet when fed to 10 kg pigs. 

Newman and Elliot (1975) conducted two experiments to 
test the effect of lysine and/or methionine supplementation 
of a 14% barley-soybean meal diet on the performance of pigs 
of 23.6 kg initial weight. In experiment 1, both the amino 
acid supplemented diets produced slower ADG than the basal 
control containing 16-14% protein. However, in experiment 2, 
gains were faster in pigs fed the lysine alone or lysine and 
methionine supplemented diets than in those fed the basal 
control diets. They did not, however, observe any difference 
in either trial in ADG between pigs fed diets supplemented 
with lysine alone or with lysine plus methionine together. 

Morris and Luckham (1975) observed increased ADG and 
improved EFC when lysine was added to 12 and 14% high 
moisture corn diets for pigs weighing 40 to 90 kg. There was 
no Significant benefit in growth rate and EFC when 
methionine was added without lysine supplement. 

The consensus of results is that lysine is usually the 
first limiting amino acid in cereal-based diets. Methionine 
seldom seems to be limiting in such diets. Supplemental 
lysine in the diet will replace a portion of the 


supplemental proteins normally required to obtain optimum 
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performance in diets based on cereal grains. 


PROTEIN SOURCES 


A. Fababeans as a Protein Source 


History and extent of cultivation. 


The small fababean (Vicia faba L. var. minor) is one of 
the two sub-divisions of the species Vicia faba L. The other 
sub-division of the species is Vicia faba major or broad 
bean. Common names for the small fababean are horse bean, 
field bean or tick bean. It is referred to by these 
different names in the various countries where it is 
produced. For the purpose of this report, the name fababean 
shall be used. 

Although the fababean belonqs to the Vicia (vetch) 
genus of the Papillionaceae, it will not cross with any 
other Vicia species and does not exist in wild forms. Unlike 
all other Vicia species, Vicia faba has poorly developed 
tendrils, the flower is whitish, the pods are more or less 
downy, thick walled and often more than 7 cm in length; and 
the seeds are rounded-rectangular to ellipsoidal in shape 
(Canada Grains Council, 1972). The full grown plant is 
usually about 1 to 2 m in height depending on the _ sub- 
species, variety, soil and weather conditions. 


The fababean is one of the oldest cultivated field 


crops of Europe. The crop originated from the regions south 
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of the Caspian Sea and North Africa (Winton, 1935) from 
where it was apparently brought into Europe. It has been 
cultivated since the days of the Hebrews and was mentioned 
in the literature of ancient Greece and Rome. In North 
America, it appears that the crop has been planted in Mexico 
and surrounding territories by the Indians since 5000 B.C. 
(Morgan, 1970). It is not known whether this is the same as 
the North African stock. 

World production of fababeans has fluctuated over the 
years aS a result of certain prejudices such as unreliable 
yield performance, influx of cheaper and better quality 
proteins and the beans ability to bind nitrogen to the soil 
and thus stimulate weed growth (Canada Grains Council, 
1972). AS a result of the above factors, total production of 
the fababean in the European Economic Community fell from 
528,000 metric tons (tonne=t) in 1969/70 to 450,000 t in 
1971/72. In England however, production increased from 
103,000 t in 1965/66 to 308,000 t in 1969/70. Africa also 
increased production from 638,000 t in 1969 to 683,000 t in 
1971. 

The fababean is a relatively new crop in Canada. The 
first two varieties (Herz Freya and Klein Thuringer) were 
introduced into Manitoba in 1969 from West Germany (Evans, 
1974). Several other varieties were introduced in 1970. From 
this stock, three varieties, Ackerperle, Diana and Efordia 
were licensed in time for planting in the Spring of 1973. 
Alberta and Saskatchewan first became involved with the 


fababean in the fall and winter of 1971 respectively. Since 
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then, the acreage devoted to this crop has increased 
considerably. Aherne (1974) stated that the acreage of 
fababeans grown in Western Canada has increased from 2000 
acres (810. hectares) in».1972).to 21,000 acres (8,505 
hectares) in 1973 with 50,000 acres (20,250 hectares) 
anticipated for 1974. 10,000 acres (4,050 hectares) was 


cultivated in Alberta in 1975. 


Composition 


A comparison of the composition of fababean, soybean 
meal, barley and cassava is shown in Table 1. The average 
crude protein content of Canadian grown fababeans in 
approximately 26 percent with a range of 24 to 30 percent. 
The lysine content as a percentage of the protein iS Similar 
to that of soybean meal and considerably higher than that of 
barley. Although the sulphur containing amino acids 
(methionine and cystine) content appears lower than that of 
soybean meal, Aherne (1974) found that Supplementation of 
fababean-based diets with synthetic methionine generally 
failed to elicit improved response in pigs. Although the 
ether extract fraction of fababeans is intermediate between 
soybean meal, barley and cassava, the fatty acid composition 
is similar to that of soybean meal and barley. Fababeans 
contains more than 60% carbohydrate on a dry matter basis. 
The vitamin and mineral content of fababeans compare well 


with other vegetable protein sources. 
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TABLE 1 
AVERAGE NUTRIENT CONTENT OF FEEDSTUFFS 
USED IN THE EXPERIMENT 


(Fababeans, Soybean Meal, Barley and Cassava) 


=_—oOooOo ee a ee ee we we ew ce a ww a a ee ee we we es we ee ee we we ee ee ee ae ae ee eee ee ee 


Soybean Mealt 


Fababeans! (44%) Barley! Cassava2 

Dry Matter % 87.5 89.0 89.0 91.9 
Crude Fibre % 6.7 7.0 5.0 823 
Ether Extract 4% 1.1 Gao es 1.9 
Crude Protein 4% Vins Pe 44.0 10.6 2.70 
Calciun Re 0.08 Oa 0.10 On v2 
Phosphorus % 235 0.60 0.35 0.16 
Lysine % Toot 2290 Omoa0 Ca 
Methionine % 0.18 0.60 0.18 0.04 
Digestible 

Energy kcal/kg 2970 3300 3168 4000 


em ee we ee wee ce ee we ee we ee ee es es we ee we ee ee es we ee ee ew ee we ee a a a a a a a a es ae a a a ae 


t Aherne (1974). (44% crude protein content.) 


2 MThailand cassava pellets, (Hare and Saben, 1974). 
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Pritchard et ¢@al? (1973) found some seasonal and 
varietal differences in the amount of available 
carbohydrates in fababeans. They showed that winter-sown 
valtieties provide more available carbohydrates (46 to 48% of 
the dry matter) than spring-sown varieties (30 to 42%). Bond 
and Toynbee-Clarke (1968) had earlier found differences in 
protein content between spring and winter varieties. They 
showed that spring varieties had consistently higher crude 
protein content than winter varieties. Eden (1968) also 
found that spring varieties had a significantly higher crude 
protein content (average 31.4% on dry matter basis) than 
winter varieties (26.5%). Winter varieties had a higher 
crude fiber content (average 9%) than spring varieties 
(average 8%). 

Estimates of D.E. or Metabolisable Energy (M.E.) for 
fababeans appear to be available only for poultry. Carpenter 
and Johnson (1968) found that the M.E. values of three 
varieties of fababeans for chicks were 2.52 to 2.80 kcal/g 
at 90% dry matter. Waring and Shannon (1969) however found 
Slightly lower values of 2.47 kcal/g and 2.39 kcal/g for 


spring and winter varieties respectively. 


Toxic Factors 


It has long been assumed that the fababean would 
contain toxic components in the form of cyanogenic 
glycosides like all other Vicia spp. However, as pointed out 


earlier, small fababeans have only a very tenuous 
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relationship with other Vicia species. In a survey carried 
out by the Canada Grains Council (1972) in Austria, England 
and the Federal Republic of Germany, the non-toxicity of the 
fababeans was affirmed. Wilson et al. (1972), however, 
produced in vitro evidence to show the presence of trypsin 
inhibitor activity (t.i.a.) in field bean meal in chick 
growth studies. Autoclaving at 110°C for a period of 40 
mins. eliminated the t.i.a. They reported that Borchers and 
Ankerson found no t.i.-a. in field beans (fababeans) although 
in further work, the growth rate of rats was significantly 
increased from 1.58 to 2.12 g/day when the fababeans were 
autoclaved at 121°C for 30 mins. Aherne (1974) states that 
teiea. levels in fababeans is only one twenty-fourth that in 
soybean meal. He concludes from his studies that the 


presence of t.i.a. in fababeans is of little significance. 


Palatability 


Fababeans have a somewhat bitter taste due to the 
presence of 0.34 to 0.50% tannins in the seed (Aherne, 
1974). This may therefore lead to reduced feed intake 
especially when high levels of fababeans are fed initially 


to livestock. 


Fababeans in Swine Diets 


Reports in the scientific literature on the use of 


fababeans in pig rations are rather few. Aherne and McAlease 
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(1964) carried out three experiments to evaluate field beans 
(fababeans) as a protein supplement for growing-finishing 
bacon pigs. In trial one, three levels of fababeans (10, 20 
and 30% of the air dry feed) were tested and the 
digestibility of the fababeans was used as a measure of 
utilization by 65-day-old pigs. Although there was a wide 
variation between the crude protein content of the rations 
used, they showed that the crude protein digestibility for 
the beans was 80% at the three levels of inclusion. In trial 
two, they fed pigs from 40-120 1b (18-55 kg) on rations 
containing 10, 20 and 30% fababeans with and without 
methionine supplementation. The results showed that ADG were 
not significantly different for the three levels of 
fababeans with or without methionine. However, EFC was 
poorer for the methionine supplemented diets. In trial 
three, the same three levels of fababeans were used but the 
diets were unsupplemented with methionine. The rations were 
fed to finishing bacon pigs from 120-200 pounds (55-91 
kilograms). They obtained good growth rates and EFC but in 
all cases, the control ration was superior to the fababean- 
supplemented rations. They concluded that fababeans can be 
substituted for other proteins in finishing rations at 
amounts not exceeding 20 percent. 

Clarke (1970) reported that Luscombe compared the 
effects of partial and complete replacement of soybean meal 
by fababeans in rations fed to pigs from 32-91 kg live 
weight. He observed no significant differences between diets 


in ADG and EFC. There were also no beneficial effects from 
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methionine supplementation. Clarke also reported that 
Clausen and Hansen in Denmark fed bacon pigs diets 
containing up to 30% fababeans. Increasing the level of 
fababeans in the diet had no effect on the taste or 
consistency of the meat from the pig carcasses. 

In feeding trials at the Harper Adams College, England 
(Anonymous, 1972) three levels of fababeans (0, 10 and 20%) 
were fed to pigs during the growing period from 70-120 1b 
(32-55 kg) live weight and 0, 15 and 30% during finishing 
from 120-200 pounds (55-91 kg). They observed a depression 
of weight gain at a level of 20% fababeans during the 
growing period (0.59, 0.58 and 0.53 kg/day)-. Fababean 
inclusion also adversely affected EFC at both 10 and 20% 
levels during the growing period. In another trial, they fed 
a ration containing 20% fababean meal from 50-120 lb (23-55 
kg) live weight and 30% fababean meal to 200 1b (91 kg) live 
weight. The diets were supplemented with methionine and 
cystine. They observed some improvement from methionine 
supplementation and concluded that the growth depressing 
effects of fababeans observed in the first experiment might 
be due in part to methionine deficiency. 

Canada Grains Council (1972) referred to a series of 
feeding trials in Germany which proved that fababeans are an 
excellent protein source and capable of fully replacing 
soybean meal in pig diets. They cautioned however that some 
animal protein must be used in the ration in order to 
maintain a proper balance of amino acids. Feeding trials in 


Bavaria where pigs were fed diets containing up to 50% 
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fababeans without adverse consequences were also reported. 

Stothers (1974) fed up to 30-34% fababeans to growing 
and finishing pigs weighing 80 lb (36 kg) and over. The 
average daily FI, ADG and EFC were slightly lower than in 
the barley-soybean diets but carcass quality was similar. 
When fed to pigs 50 1b (23 kg) initial weight, 20% less feed 
waS consumed, gains were 20% lower and EFC was 10% poorer 
- than for pigs on a barley-soybean meal diet. He also fed a 
50:50 barley-heated fababeans (autoclaved for 20 min.) and 
unheated fababeans starter ration with or without methionine 
to pigs weighing 30 pounds (14 kg). The results showed that 
heat treatment and methionine supplementation had an 
additive effect in improving performance. The data also 
indicated that methionine supplementation improved FI but 
impaired EFC. 

Aherne (1975) fed different levels of fababeans (0, 15, 
10, 25 and 30%) to pigs from 16.5 up to 40 kg live weight. 
In two other experiments, he fed diets containing 25% 
fababeans, autoclaved for 0, 30 or 60 min. and 0, 15, 30, 45 
or 60 mins. at 121°C to pigs averaging 17 kg live weight. 
His results confirmed earlier recommendations that fababeans 
should not exceed 20% of the diet for growing pigs. He did 
not observe any significant advantage in heating fababeans 
before feeding. 

Bowland et al. (1975) fed several combinations (75/25, 
50/50, 25/75, 50/50) of FB, Rapeseed meal (RSM) and SBN to 
pigs from 6.6 kg to market. Their results indicated that 


there were no significant differences in daily FI, ADG and 
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EFC between the treatments throughout the feeding period. 
They concluded that the replacement of SBM by ground 
unprocessed fababeans or RSM or 50/50 combinations of these 
supplements will not significantly depress performance in 
starting, growing or finishing pigs. 

Sarwar and Bowland (1976) fed two levels of unprocessed 
fababeans (10 and 20%) to 6.5 kg live weight pigs for 6 
weeks. Their results suggest that 20% unprocessed fababeans 
can be fed to young pigs without any adverse effects. 

The summary of the results above suggests that 
fababeans can be satisfactorily included in growing rations 
at levels of up to 15-20% and in finishing rations at up to 


30-50 percent. 


B. Soybean Meal 


Soybean Meal as a Protein Source 


Soybean meal (Glycine max) is generally accepted as one 
of the best plant protein sources and as a standard of 
quality for protein supplements because of its high protein 
content, amino acid balance and the uniformity of the 
processed meal. 

Soybean originated from China where it was recognized 
as an essential food crop before 2,838 B.C. (Feree, 1929). 
It was introduced from China to neighbouring countries and 
other parts of the world during the Christian era. The 


soybean plant was originally cultivated mainly for its oil 
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but the by-product, after extraction of the oil, has been 
found to be very valuable as a protein supplement for all 
classes of livestock. 

The United States at present produces about 60% of the 
total world production of soybeans. China produces about 21 
percent. Of the total world production of 56.8 million t in 
1974, the United States produced about 33.6 million and 
China 11.9 million t (F.A.0., 1974). American exports of 
soybeans/soybean meal has increased steadily over the years. 

There is limited soybean production in Canada, mostly 
in Ontario. In 1974 Canada produced approximately 300,000 t 
of soybeans, about 0.5% of the world total. Western Canada 
relies almost entirely on the United States for its supplies 


of soybean meal. 


Composition 


The average chemical composition of soybean meal is 
shown in Table 1. 

The protein content is relatively higher than in most 
plant proteins. Soybean meal products with 44%, 45%, 48.5% 
and 50% protein, are available. The protein content in most 
cases depends on the variety of seed, processing method used 
and crude fiber content. The lysine content is quite high 
but the methionine level is rather low. The amino acid 
profile is better than that of other readily available plant 
proteins. 


The D.E. value of SBM is higher than that of FB. Waring 
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and Shannon (1969) using colostomized laying hens found that 
the average M.E. value of SBM was 2.57 kcal/gran. 

Bowland (1974) in two separate experiments with pigs 
found that the D.E. for SBM (44%) was 3179 and 3106 kcal/kg 


and M-E. was 3087 and 3003 kcal/kilogran. 


Toxic Factors 


It has been known for a long time that raw soybeans, 
despite their high protein and fat content, contain factors 
which result in lower feeding value when fed to monogastric 
animals (Osborne and Mendel, 1919). It was also known that 
cooking brings this value for soybeans close to that of meat 
and milk (Liener, 1958). Several reports now indicate that 
Many factors are involved. Some of the factors which have 
been implicated are trypsin inhibitors, haemaglutinin and 
pancreatic hypertrophy factor (Kwong and Barnes, 1963; 
Muelenaere, 1964; Young, 1970). Rachis (1965) attributes 
between 30 and 60% of the decrease in growth rate and 
protein efficiency respectively and nearly all of the 
pancreatic hypertrophy in rats fed raw soybean meal to 
trypsin inhibitors. Growth depression by ingestion of 
trypsin inhibitors has been attributed to endogenous loss of 
essential amino acids in the enzymes secreted by the 
hyperactive pancreas in response to the stimulatory effects 
of the inhibitors (Lyman and Lepkovsky, 1957). Liberation of 
a hormone-like factor by trypsin inhibitor has been 


suggested as a mechanisn for stimulation of pancreatic 
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Secretion (Khayambashi and Lyman, 1969; Melmed and Bouchier, 
1969). Rachis (1965) was able to account for only a part of 
the anti-growth effects of raw soybean meal in terms of 
trypsin inhibitors and haemaglutinins. Consequently, there 
still appears to be some unidentified anti-growth factors in 
Taw soybean meal. 

Rachis (1966) stated that all the trypsin inhibitors in 
Caw soybean meal are readily inactivated by heat steaming at 
100°C for only 15 min or atmospheric pressure steaming for 
20 min. This inactivation also takes place during the 
processing of soybeans to produce soybean meal. Methods used 
in processing soybeans and overheating can however markedly 
affect the nutritive value of the resulting meais (Reisen et 
al., 1947; Clandinin, 1949). Clandidin and Robblee (1952) 
indicated that the decreased nutritive value of overheated 
meal was associated with the decreased liberation of 


essential amino acids. 


Soybean Meal in Swine Rations 


Since the acceptance of SBM aS a very good protein 
supplement for livestock feeding by nutritionists, very 
little further work has been done re-evaluating this protein 
source. It is now used in most practical feeding experiments 
as a standard control. As a result, there are very few 
recent references in the literature dealing specifically 
with SBM as a protein source for swine. 


SBM is a very good protein supplement for growing- 
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finishing pigs. Hays et al. (1959) compared dried skim milk 
(DSM) and SBM in pig starter rations. He found that ADG and 
EFC were significantly better on the DSM diet than on the 
SBM diet. Supplementation of the SBM diet with 0.05% DL- 
methionine improved the performance of the pigs. 

Combs et al. (1959) also compared DSM, SBM and FM in 
rations for 2- to 8-week-old pigs. The results indicated 
that DSM was superior to either SBM or FM. In another 
experiment, he compared SBM and peanut meal (PNM) and found 
that the SBM diet gave Significantly higher ADG and EFC than 
PNM. Bowland and oOrok (1973) reported that 50 to 100% 
substitution of PNM for SBM in pig diets reduced ADG but EFC 
was only poorer at the 100% level of substitution. 

Young and Smith (1973) found that pigs fed cooked 
soybeans had a Similar performance to those fed soybean 
meal. Performance of the pigs fed cooked soybeans was 
superior to that of pigs fed raw soybeans. 

All available literature suggests that SBM can be 
included in cereal-based pig rations at levels reguired to 
meet the protein and amino acid requirements of the animal. 


This is why SBM is generally used as a standard control in 


practical pig feeding experiments. 


Cassava as an Energy Source 


History 


The tropical root crop, cassava, is called by various 
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common names in different parts of the world. All apply to 
the one species Manihot esculenta Crantz. The names most 
frequently encountered are: cassava in English-speaking 
tropical areas; yuca in Spanish-speaking areas; mandioca or 
macacheira in Brazil; manioc among French-speaking peoples. 
Tapioca, one of the products manufactured from the roots is 
sometimes used as a common name. In this report, cassava, 
the most common English name, will be used throughout. 

Cassava is thought to have originated from Brazil, from 
where it spread to other parts of Latin America and in post- 
Columbian times, to other parts of the tropics (Smith, 
1968). 

Manihot esculenta Crantz is the only edible cultivated 
species of the genus Manihot, comprising about 125 species. 
The genus belongs to the family Euphorbiaceae along with 
other economically important species such aS para rubber 


(Hervea brasiliensis) and castor bean (Ricinus communis). 


CasSava is a shrubby perennial plant about 1-4 m tall. 
The stem is either unbranched, tall and slender or variously 
branched. The stem is woody, uSually with a large pith and 
therefore quite brittle. The nodes are prominently raised on 
the stem. The leaves are Simple, palmately lobed. 

Under cultivation, the plant is propagated vegetatively 
by stem cutting and adventitious roots radiate from the base 
of the cutting when planted. During growth, some of the 
adventitious roots become tuberous with carbohydrate 
reserves. The shape of the tubers vary from long and slender 


to globose and can weigh from 1-5 kilograms. 
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Two groups of cultivars of cassava are known: bitter 
and sweet. Sweet cassava is grown more for food and 
livestock while the bitter type which has a higher starch 
content is cultivated for industrial purposes (Ayres, 1972). 
Godoy (1940) observed that a sweet variety in one region can 
become bitter under different conditions of climate and 
altitude. Bitterness has also been associated with glycoside 
content (Pereira et al., 1965). Sinha and Nair (1968) 
however Suggested that sugars in the roots influence 
organoleptic evaluation. On this basis, cassava is 
considered sweet if it contains less than 50 mg prussic acid 
(hydrocyanic acid) per kg of tissue and bitter if it 


contains more than 100 ng/kg (Bolhuis, 1954). 


World Production 


World cassava production has gradually increased from 
62.5 mailiton vttin 1955eto 104.9 million t an 1978 (FsA.O., 
1974). Nigeria in 1974 produced about 10 million t 
equivalent to about 9.5% of the world total. The Latin 
American countries produced about 39% of the world total out 
of which Brazil alone produced about 33 percent. These 
figures may not however reflect an accurate production 
because cassava is still largely grown by subsistence 
farmers on small scattered holdings, usually with much 
intercropping and under shifting cultivation (Coursey and 
Haynes, 1970). The collection and interpretation of actual 


production statistics is therefore difficult and inaccurate. 
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In some areas where cassava is predominantly grown, actual 
‘production Statistics are non-existent. This is because most 
of the crop is produced as a "backyard" staple for home 
consumption. 

The prominence of cassava aS a crop in tropical 
countries is explained by its ecological adaptability and 
its suitability to the agricultural conditions prevalent in 
the cassava belt. Some of the main attributes are: 

1. It is easily propagated and is relatively high 
yielding. 

2. It is inexpensive to produce, requires little or no 
weeding because of its leafy canopy and has no 
critical planting time. 

So, 2G iss -arirelvabie otand excellent producer of 
carbohydrates. Coursey and Haynes (1970) indicated 
that cassava can produce 250 kcal/ha/day as compared 
with 176 for rice, 200 for maize, 114 for sorghun 
and 110 for wheat. 

YW. Its hydrocyanic acid (HCN) content makes it subject 


to minimal animal and pest attack. 


Importance in World Food Supply 


Coursey and Haynes (1970) indicated that cassava may be 
regarded as the staple food of about 200 million people in 
the tropics. Cassava contributes to world food supplies in 
the following ways: 


1. The roots are detoxicated and consumed aS primary, 
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secondary Or supplementary fo00d; 95% of world 
production is consumed thus. Several dietary surveys 
conducted in various parts of the tropics support 
this view. Culwick (1950) indicated that in the 
Congo region 27-72% of the total calories consumed 
were contributed by cassava. In Southern Nigeria, 
24.9-55.7% of the diet was composed of cassava 
(Nicol, 1952). Oyenuga and Opeke (1957) concluded 
that the entire population of Nigeria could rely on 
cassava alone to meet 80% of the 2,600 
calorie/person/day requirement. Cassava contributed 
38-47% of the calories in the diet in Ghana (Gold 
Coast, 1953). Bailey (1961) indicated that cassava 
is the primary staple in Java and Madura regions of 
Indonesia where it contributes about 67% of the 
calorie intake. 

The roots are used in livestock feed and the 
livestock are consumed by humans. Imports of cassava 
roots for this purpose has increased tremendously 
over the years. 

Cassava starch or flour is incorporated into food 
products consumed by humans, such aS Sauces, gravies 
and baby foods. Fortified products such aS tapioca, 
Macaroni (consists of cassava flour, wheat flour and 
peanut flour) have also been made (Balu, 1958). 
Phillips (1974) stated that cassava in 1970 provided 
38% of calories in Africa, 12% in Latin America and 
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Cassava will continue to provide 37% of calories in 
Africa, 11% in Latin America and 6% in the Far Fast. 
Whether the above forecast will be met will depend 


on increased cassava production. 


Chemical Composition and Nutritive Value 


Composition 


Cassava roots contain varying amounts of carbohydrates, 
lipids, proteins, minerals and vitamins depending on the 
variety, location, environmental conditions, the method of 
chemical analysis and whether the tubers are peeled or 
dehydrated. An estimated average composition is 60-65% 
water, 30-35% carbohydrates, 0.2-0.6% ether extract, 1-2% 
crude protein and relatively low contents of minerals and 
vitamins. (See Table 1 for the average composition of dry 
pellets.) It would appear that a considerable amount of 


protein is lost in the peel which is generally tCremoved 


during processing. Considerable variation also exists 
between the sweet and bitter varieties. Maner (1973) 
reported a-large variation (0.2 - 2.3 percent protein) in 


his analysis of fifteen cultivars in Colombia. 


Carbohydrates 


The casSava root contributes mainly carbohydrates 


(energy) to the diet of humans and animals. Johnson and 
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Raymond (1965) indicate that 64-72% of the carbohydrates is 
starch. The:two main constistuents of the starch are amylose 
and amylopectin which make up 99% or more of the dry cassava 
Starch. Recently, Jadot (1968) and Maghuin-Rogister (1968) 
reported a new dissacharide called "manioca" from cassava 
flour. Sucrose can be as much as 17% in some sweet 
cultivars. 

The rate of starch deposition in cassava roots was 
studied by Ketiku and Oyenuga (1972). They indicated that 
the highest-concentration of starch (81%) was observed eight 
months after planting while that for sugars (5.1%) was 
attained nine months after planting. 

Sreeramamurthy (1945) studied the digestibility of 
cassava by two enzymes and found values of 48.3% for raw 
cassava and 77.9% for cooked cassava. Maner (1973) estimated 
the calorie output per hectare per year of a well managed, 
improved cassava to be about three times that of rice and 
maize. One kilo of fresh cassava containing 35% dry matter 
has a gross energy value of approximately 1225 kcal. Coursey 
and Haynes (1970) pointed out that grain crops have 
virtually reached their genetic potential for yield whereas 
the tropical root crops (cassava) are still virtually 


untouched. There is therefore a wide scope for substantial 


improvement. 


Lipids 


The lipid levels in cassava are quite low (about 0.5 
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ether extractable material) while most animals should have 
1-2% lipids in their diets. The fatty acid profile of 


cassava lipids is not known. 


Protein and Amino Acids 


Most of the cassava now being produced has a very low 
content of nitrogenous substances. The crude protein (N x 
6.25) content of the majority of the varieties tested does 
not exceed 3% (Maner, 1973). A major proportion of the total 
nitrogen however exists as Simple nitrogenous compounds 
(Sreeramamurthy, 1945). Sreeramamurthy (1945) also found 
that the digestibility of the crude protein was 48% and is 
thus comparable to rice protein. 

Cassava varieties have been reported to contain higher 
levels of crude protein than are normally reported. Maner 
(1973) quoted Beck (1969) who reported an African variety 
containing up to 9% crude protein. Other varieties may 
contain up to 2.3% crude protein on wet basis or 7.3% on dry 
matter basis. Maner and Daniels (1970) indicated that the 
level of total nitrogen is higher in the peel than in the 
remaining portion of the root but the internal portion 
contains more crude protein due to its larger volume. Maner 
and Daniels (1971) also indicated that the percentage of 
non-protein-nitrogen is higher in the peel than in the pulp. 
These results do not agree with those reported by Oyenuga 
(1955) that 62% of the nitrogen of the crude root was true 


protein and that 87% of the nitrogen of the peel was true 
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protein. 

The amino acid composition of cassava meal is compared 
with hybrid corn, Opague-2 corn and barley in Table 3. The 
lysine content of cassava appears to be adequate but 
methionine is low. Cassava is essentially deficient in the 
sulphur-containing amino acids. Bailey (1961) also indicated 
that cassava-based diets in Indonesia are deficient in 
sulphur containing amino acids (methionine, cystine and 
cysteine). Oshuntokun (1968) explained that both cystine and 
cysteine are involved in the cyanide detoxication (when the 
cyanogenic glucoside present in cassava is hydrolysed by 
linase or acid to produce a thiocynate, cystine and cysteine 
are used up in the process). Therefore, this may be 
responsible for the low levels of the sulphur containing 
amino acids, expecially during excessive detoxication. 
Methionine-Supplementation of cassava-based diets has been 
Shown to significantly improve weight gain and EFC. (Maner, 
1973). Hendershott (1972) warned that estimates of total 
nitrogen in cassava roots will have to be viewed with 
caution because it is not known whether the breakdown 
products of cyanogenic glucosides do enhance the total 
nitrogen content. Nartey (1968) showed that the hydrolytic 
products of glucosides are incorporated into amino acids for 


protein synthesis in cassava. 
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TABLE 2 


AMINO ACID! CONTENT OF THE PROTEIN IN CASSAVA, CASSAVA MEAL, 
BARLEY AND CORN 


ES A SS ES ES SS EE SE SE EES EES SS SS ES SES OS ES ee Se ee ee - 


Nigerian 
Cassava? Cassava* Common? Opaque-2-: 
Amino Acid Cassava2 Lianesa Meal BarleyS Corn Corn 
Arginine Sat 18.0 10.3 4.7 4.6 6.2 
Histidine Ge as v9 | 2=9 AY 
Tsoleucine RK ee, 13 368 5G Sais 
Leucine 2e9 220 Bye 163) 16.0 8.0 
Lysine Sie ZG Sad Boe 2.8 4.0 
Methionine 1.0 Trace 0.6 a6 B20 4e5 
Alanine 4.6 2216 Hs 4.2 Tee Se 
Threonine Pap, 6.2 Asie) 2145 oe Sais 
Phenylalanine 2-3 a aaa Dias 5.4 Ree: 
Valine 2.6 Tat 205 eet hiate 556 
Tyrosine 1.6 0.6 t9 2.4 4.9 255) 
Glycine 2-4 0.9 eek 4.2 4.1 Ss. 
Glumatic Acid Wace Sy 3 ss PITA Pe 20.6 Toes 


i ss ee ~ 


1 Expressed as % of protein or g of amino acid/100 g protein. 
2 Close et al. (1953). 

3*Maner, J.-H. (1973). 

4 Orok and Bowland (1974). 


S University of Aiberta data (1975). 


wt " . 


. ' a oe —? - oe 
. ct. Aine gi tense 
ar 
E = i * oa San reo 2 
sae § ig (LPR. € 4 1 cw 1 : -_* 4 x! 


be ld ea ee 
, aes ie ie nents bad 
= _ vt 
© ter) ee * tes - 
A AAPL Aee 
Pel) santa + ao o 
_ 


> : aes i 7 | 
tre b) stent, tO» 1 Se ia 


36 


Minerals and Vitamins 


Cassava roots are relatively rich in ascorbic acid and 
contain Significant amounts of thiamine, riboflavin and 
Niacin (Hendershott et al., 1972). Maner (1973) considered 
the levels of calcium (0.12%), phosphorus (0.16%), sodium 


(0.06%) and magnesium (0.37%) comparable to levels in most 


root crops. 


Toxic Factors 


1. Cyanogenic Glucosides 

The cyanogenic glucosides are distributed throughout 
the cassava plant but the concentration varies greatly 
between varieties and is influenced by climatic, edaphic and 
cultural conditions (Oke, 1969). The normal range of 
cyanogen content is from 15-440 ppm expressed as mg HCN/kg 
fresh weight but occasional samples as low as 10 mg/kg or 
over 2000 mg/kg have been reported (Rogers, 1963). 

Cassava plants possess two types of cyanogenic 
glucosides, Linamarin and Lotaustralin (Clapp et al., 1966; 
Bessett et al., 1969). Nartey (1968) indicated that 
Linamarin accounts for 93% of the total glucosides and 
Lotaustralin for 7 percent. The glucosides consist of a 
chemical combination of a sugar and hydrocyanic acid or 
prussic acid (HCN) and perhaps other compounds such as an 
aldehyde or a ketone. For example, Linamarin is composed of 


HCN, glucose and a ketone. As indicated earlier, cassava is 
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often described as "bitter" or "sweet" depending on the 
amount of cyanide present although there is really little 
correlation between so-called sweetness and cyanide content 
(Peireira and Pinto, 1962). In general, bitter cassava tends 
to have a higher cyanide content than sweet cassava (Rogers, 
1963a;3 Nartey, 1973), but there is a great deal of 
overlapping between the two classes (Coursey, 1973). Coursey 
(1973) also indicated that in most varieties and under most 
cultural conditions, the cyanogenic glucoside content is 
much higher in the peel than in the fleshy part of the 
tuber. Wood (1965) had reported that the mean value of HCN 
for the phelloderm (rind) was over ten times that of the 
remaining tuber. Orok and Bowland (1974) also found a higher 
concentration of HCN in the peel (0.05%) than in the meal 
(0.006%) . 

The cyanogenic glucosides of cassava are accompanied in 
the plant tissue by a hydrolytic enzyme, Linamarase (often 
called Linase). De Bruijn (1973) showed that the activity of 
the enzyme is highest in the young expanding leaves, in the 
peel of the tuber and lowest in the inner part of the root. 
In the active, healthy tissue of the growing plant however, 
enzyme and substrate do not come together. Contact occurs 
only when the tissues are mechanically damaged or 
physiological integrity is lost during post harvest 
deterioration of the tubers or wilting of the leaves. 
Hydrolysis then takes place and HCN, acetone and glucose are 
liberated (see Figure 1 for the reaction). Before feeding to 


livestock and humans, subseguent treatment of cassava such 
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as fermenting, chopping or drying, activate the hydrolytic 
process and thereby affect the amount of HCN found (Hill, 


Pa) 


Nature of Toxicity 


Couch (1932) indicated that neither the glucoside nor 
the enzyme present in cassava are poisonous by themselves. 
The toxicity in cassava and its products is associated 
primarily with the free HCN that is formed during 
hydrolysis. The degree of toxicity of cassava roots has been 
widely discussed and differences in opinion exist. Despite 
these differences however, it is known that HCN in itself is 
poisonous. 

In animals, the symptoms of acute hydrocyanic acid 
poisoning are increased rate and depth of respiration, 
increased pulse rate, no response to stimuli and spasmodic 
muscular movements (Oke, 1969). Maner (1973) explained that 
these symptoms of HCN poisoning can be explained on_ the 
basis of affinity for metal ions such as copper and iron. 
HCN combines with haemaglobin to form cyanohaemoglobin and 
thus reduces the oxygen carrying ability of the blood. HCN 
also forms a reversible combination with copper of the 
cytochrome oxidase and there by inhibits its function as an 
oxidative enzyme in electron transfer. These chemical 
abnormalities cause neural depression in the medullary 


centres leading to respiratory depression and death. 
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Fic. 1. The structures and hydrolytic products of the cyanogenic glucosides of cassava, linamarin and lotaustralin. 


Nartey (1973) 
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It is also suggested (Maner, 1973; Coursey, 1973) that 
continued ingestion of small amounts of HCN is more 
dangerous than acute toxicity. Although these small amounts 
are not large enough to cause death, they can affect the 
general health and condition of the subject. 

Oshuntokun (1971), Oluwasanmi and Alli (1968) and 
Ekpechi (1973) indicated that high cassava diets could be 
the cause of endemic goitre in Nigeria. Ekpechi's results 
Showed that cassava has an adverse effect on the function of 
the thyroid comparable to that of thionamide giotrogen. 
Thiocyanate, a detoxication product of cyanide, is a well 
known goitrogenic substance. Studies on the etiology of 
human ataxic neuropathy in Nigeria (OShuntokun et al., 1969) 
and in Tanzania (Makene and Wilson, 1972) have led to the 
hypothesis that this condition is caused by chronic exposure 
to cyanide or cyanogens ingested in cassava. Results 
obtained with domestic animals on neuropathological effects 
are not too reliable. Experimental evidence from feeding 
trials is only available for rats and dogs. Martino (1935) 
reported that rats fed cassava roots developed neuromuscular 
Symptoms. Experiments with animals also strongly suggest 
that thiocyanate formed during the detoxication of ingested 
cyanide interferes with the utilization of iodine for 
thyroxine production (Ekpechi, 1967). 

The possibility of HCN poisoning and the role of 
thiocyanates as a poisoning agent has been of much interest. 
Lang (1933a) postulated the existence in the body of a heat- 


labile enzyme called "Rhodanase" which is responsible for 
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the reaction of HCN and thiosulfate or colloidal sulphur 
under anaerobic conditions to produce the detoxication 
product, thiocyanate. Maner (1973) indicated that the amount 
of HCN detoxified varies with the species, physical 
condition, nutrient consumption and other unidentified 
factors. 

Rhodanase is widely distributed in all tissues of the 
body but the highest concentration is in the liver. Himwich 
and Saundels (1948) found that the amount of Rhodanase in 
the liver varies with different animals. From the 
distribution of the enzyme in the tissues, they calculated 
that the whole liver of a dog can detoxify about 4015 g 
cyanide and the skeletal muscles 1743 g cyanide to 
thiocyanate in 15 min, yet only small doses are required for 
toxicity. Thiocyanate concentration at least three times 
that of cyanide is required for the reaction to proceed 
efficiently. Readily available sulphur is also required for 
in vivo detoxication. 

Subsequent work by Saunders and Himwich (1950) threw 
more light on the function of Rhodanase. They indicated that 
Rhodanase forms a loose combination with thiosulphate which 
breaks down to yield sulphur in a form that can be accepted 
by the cyanide ion to form thiocyanate. 

The Rhodanase system is not the only ‘route of 
detoxication of HCN to thiocyanate. Meister and Fries (1953) 
found that 3-mercaptopyruvic acid can provide sulphur as 
rapidly as thiosulfate for cyanide detoxication. He found 


that crude extracts of liver converted this compound into 
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pyruvic acid and free sulphur at pH 7.5-8.5. This was also 
confirmed by Wood and Fielder (1953) using B-mercaptopyruvic 
acid and optimum pH of 9.1. 

Vitamin B12 has also been postulated to play a direct 
or indirect role in cyanide detoxication. Kaczka et al. 
(1950) showed that in the presence of light, vitamin B12 
(cyanocobalamin) is converted to vitamin Bi2a 
(hydroxycobalamin) which can react with cyanide xO 
regenerate vitamin B12. The cyanide is incorporated into the 
1-carbon metabolic pool probably in the form of formate. It 
therefore appears that the differences in toxicity reported 
for cyanide may be due to presence or absence of substances 
such as methionine, cysteine, sulphur, vitamin B12, iodine, 
and other elements like copper and iron. 

Wokes and Pikard (1955) explained the cyanide 
detoxication in vivo process. When cyanide is ingested, both 
vitamin B12 and Rhodanase compete for it. Some is detoxified 
by Rhodanase through the help of sulphur donors (sulphur 
containing amino acids, etc.) to thiocyanate which is 
excreted. Some of the cyanide combines with hydroxycobalamin 
to form cyanocobalamin which then carries out various 
metabolic functions. Vitamin B12 can lose some of the 
cyanide to supply the 1-carbon fragment for the synthesis of 
important compounds such as choline or other components 
containing methyl groups. 

The detoxication mechanisms in the body discussed above 
can therefore sufficiently cope with ingestion of small 


amounts of cyanide formed during metabolism (Oke, 1973). As 
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indicated earlier however (Hill, 1973), the thiocyanate 
formed during the detoxication of ingested cyanide can 


interfere with iodine utilization for thyroxine production. 


Cyanide Toxicity in Domestic Animals 


Although Oke (1969) showed the basic role of 
hydrocyanic acid (HCN) in nutrition, there is no literature 
dealing specifically with cyanide toxicity in domestic 
animals. Acute poisoning from the consumption of cyanogenic 
plants is more of a risk to grazing animals than to poultry 
or Swine which are, to a large degree, fed formulated diets. 

Feeding trials with cattle or sheep using a variety of 
plants with cyanogenic potential have failed in general to 
clearly indicate chronic toxicity. Assis et al. (1962) and 
Mathur et al. (1969) fed cassava in various forms, including 
tapioca meal and chopped roots and could not produce obvious 
ill effects. Oyenuga and Amazigo (1957) however reported 
that the levels of HCN (0.034-0.1121%) they found in six 
varieties of cassava would be toxic to livestock. Nichols 
(1957) stated that 0.06g had been found to be the smallest 
lethal dose to adult animals. 

Results with swine are variable. Mondonedo (1928), 
Mondonedo and Allionte (1931), Woodman et al. (1931), Alba 
(1937) and others have fed large amounts of cassava in 
various forms to swine with satisfactory results and no 
evidence of HCN toxicity. Peixoto (1965) and Velloso et al. 


(1965-66) however found reduced gains as the level of 
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cassava in swine diets was increased. Workers at the Centre 
for Tropical Agriculture, Colombia (Maner, 1973) have 
investigated the use of fresh, dried and finely ground and 
ensiled cassava roots for growing and finishing swine and 
for gestation and lactation. They found that in general, 
cassava Was a satisfactory replacement for corn in practical 
diets. However, they found depressed growth with the dried 
and finely ground cassava when the level of cassava in the 
diet was 60-70 percent. There was no indication that cassava 
was contributing a toxic level of HCN to the diets. 

Tt could however be argued that most of the 
publications referred to above did not specifically test the 
relationship of cassava on performance to the intake of 
hydrocyanic glucosides or HCN. No information was either 
obtained or recorded on the amount of HCN present in the 
diet. Neither did they evaluate the effects of HCN ingestion 
on thyroid tissue. 

Maner and Gomez (1973) fed fresh chopped cassava 
containing 150 mg HCN/kg, or sun-dried cassava meal 
containing 5 mg HCN/kg to growing rats for a period of four 
months to measure the effect of HCN on performance. The 
results showed that the rats fed a protein supplement and 
fresh cassava gained weight significantly faster than the 
others. The average excretion of thiocyanate in urine was 
proportional to the quantity of HCN consumed. An autopsy 
showed no difference in thyroid size in any of the rats on 
different treatments. The question thus remains: does 


chronic HCN toxicity from the ingestion of cyanogenic plants 


ne sities eapletes ew iealnu my mit @ thos 
c4ngee ee OF Seas pai 4 we » (id oetered bo aew tes 


Lurie Abe Awe> syanspigha @32 too PA Pos uae: 


etre oh Cregeen 88 heniss (eer eneeOOR as 
a 7 ; 

= <a "i : 

ok Ghd eigenen ANeey a: eae 


a 


oi .batpageeees eadleaia) 


_ 


Aaifth) ane 


4? oe avy 


ot ber ‘ ews i = me ze 
eT | He ey Skat » qs tees eee, Ws 
~ i<c 7 e ume? 2 @avacod’ “80006 wee 7 
és iene esti his svete a Leaeiad amasooh idee: f 
nigllads eaten am) °% reatcel ry thie <u granmos sake an 
vw" aoe cob) 4a Seeds li 7) igi Ot ss0ee@tp neneeinl Xs 
steel sSeeente 632 IO 8564501 ‘ sr PaeeD-> BS aaatasde | 
lh Tn ot $ C98Htie @- vives qedt pih Goeehet «ie2 ce 


vere) bhoreds hae 


spoabas: | 44ya5r jin vi a4 oe Ph) duagt!. Bae \ TeaERe cS 


fom G24 sG OE: NE 1 nA. phe pals 
ine ta Bers ont afant endian yt ap wisepe €@.8 @s 
i?! .epdae vet y vie. Cie Reh veaeG iy UIs vitae Pre 4 
fine wanda = at fd0-e 5 ted SORE OT Pees bande BT | 


el2 teas Toe A rivaoabingie oom oui 


ras i i 4 Ahina tata Pe wshswinad! he 


45 


like cassava occur in domestic animals, and if so what is 
the nature? Better controlled experiments are needed to 
Satisfactorily answer this question. Maner and Gomez (1973) 
concluded that cyanide is without measureable effect on 
goitre production or nerve degeneration in the presence of 
adequate methionine and iodine. Hendershott et al. (1972) 
also think that the use of sweet cultivars and proper 
treatment to liberate the HCN should be adequate to insure 


safe feeding of cassava. 


Goitrogens and Thyroid Function 


As mentioned above, cassava contains some goitrogenic 
substances in the form of cyanogenic glucosides. Hill (1973) 
indicated that the thiocyanates formed during the 
detoxication of ingested cyanide can interfere with iodine 
utilization for thyroid hormones (T3 and T4) production. 

The thyroid gland has a remarkable capacity to absorb 
iodine from the circulating blood so that it contains some 
20% of the total iodine present in the body. This iodine is 
used for the synthesis of two major hormones, thyroxine (T4) 
and triiodothyronine (T3).- Iodine is provided from the 
ingested food and water. The iodine is absorbed as iodide 
and circulates in the blood as such. The synthesis of 
hormones by the thyroid gland is brought about by a sequence 
of actions. Inorganic iodide is trapped by active transport 
(iodide pump) which is energy dependent and the trapped 


iodide is very readily bound to proteins within the colloid. 
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This iodide pump can be depressed by thiocyanate and sodium 
perchlorate. The iodide ions are then oxidized to free 
iodine by the action of pyroxidase. The iodine is taken up 
by tyrosine to form mono-iodotyrosine (MIT) and then di- 
iodotyrosine (DIT). By coupling of one or two molecules of 
DIT, with the elimination of alanine, T3 or T4 are formed. 
These hormones are bound to highly specialized storage 
proteins called thyroglobulin and released into the blood 
stream aS needed when acted upon by a protease. 

The main function of these hormones appears to be the 
Stimulation of cellular oxidation and the maintenance of 
normal level of metabolic activity in virtually all tissues 
of the body (Wolf and Wolf, 1964). Moderate concentrations 
of thyroid hormones also have an anabolic effect, causing an 
increase in RNA and protein synthesis. High or low 
concentrations result in a state known as hyperthyroidism or 
hypothyroidism. Since the two main factors which determine 
the amount of hormones produced by the thyroid gland are, 
the thyrotropic hormones and the availability of iodine to 
the thyroid gland (Keele and Neil, 1966), thyroid deficiency 
can arise from an inadequate intake of iodine or from the 
presence of substances (goitrogens) which interfere with 
thyroid hormone synthesis. In either case, the blood 
thyroxine level is subnormal, thyrotrophin secretion is 


increased and the thyroid gland enlarges with hyperplasia 


(Simple goitre). 
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T3 and T4 as a Measure of Thyroid Status 


It was long recognized that thyroxine (T4) constitutes 
about 90% of the organic iodine-containing substances in the 
blood (Oppenheimer, 1968; Robbins and Rall, 1969). Twelve 
years after the initial demonstration of T4 in plasma, Gross 
and Pitt-Rivers (1952), identified triiodothyronine (T3) as 
the second most important circulating iodoamino acid. Taurog 
et al. (1956), Showed that T3 like T4, is a normal thyroidal 
secretory product. Hollander and Shenkman (1972) indicated 
that T3 is more readily metabolized and occurs in lower 
concentration in the blood than T4. Despite its low level in 
serum relative to T4, it has been estimated that 13 
contributes a major portion of the caloric potency of 
thyroid hormones (Robbins and Rall, 1967). Gross and Pitt 
(1952) suggested that T3 is the active thyroid hormone and 
that T4 serves merely aS a precussor or prohormone. Recent 
development of radioimmunological assays for direct 
determination of T3 and T4 have helped to overcome the early 
methodologic problems. The normal concentration of T3 in 
human plasma is reported to be approximately OS10eeton 0215 
ug/100 ml (100 to 150 ng/100 mi) compared With T4 which is 
4.5 to 10.5 ug/100 ml. Sarwar (1976) found T4 values for 
pigs to be 1.7 to 3.4 ug/100 ml. 

While iodine deprivation might result in subnormal 
levels of T4 in the blood, it leads to a high serum T3 level 
in animals and man (Greer et al., 1968). They explained that 


"preferential" synthesis and secretion of T3 occurs because 
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T3 possess about four times the potency of T4 per molecule 
and contains only 75% as much iodine. Thus in the face of 
iodine deficiency, it is possible to obtain a 6-fold 
increase in hormonal effect from the same number of iodine 
atoms by secreting T3 rather than T4. Because of the marked 
reduction in thyroid iodine content during severe iodine 
deficiency however, it would be expected that the actual 
Guantity of T3 secreted would be very low and probably 
inadequate to maintain a euthyroid state. 

Hollander (1970) suggested that the relative 
hypersecretion of T3 may represent an important homeostatic 
mechanism in the face of inadequate iodine substrate. 
Hollander also reported that in all the cases of 
conventional hyperthyroidism he had studied in humans, the 
T3 levels were invariably elevated. The excessive secretion 
of T3 rather than T4 is now being referred to as T3 
toxicosis (thyrotoxicosis). Hollander et al. (1971) > also 
observed that hyperthyroid patients may pass through a stage 
of T3 toxicosis before developing the usual form of 
thyrotoxicosis. 

It is thus becoming apparent that T3 and T4 levels are 
probably the best way of determining thyroid status (Howorth 
and Maclagan, 1969; Hollander and Shenkman, 1972). This is 


why these parameters were measured in the experiments 


reported herein. 


2. Aflotoxicity 


Cassava has been incriminated in the problems of 


 weees te Weds: yer om ‘papa ‘iia 
paimee 610 IWyaewayr «TE dade Senge 41 perenihp 


gelboh @epeae > ar). Pesan, awlhyi appa wad 

fenxsom aes Sadh f- ) -tawe fe «300nRRE ae Let ; 

ie i Cees Se wep «) Sbee@ heen rete cae 
beere gs 114 (06a) - (anpiebagk Ea 

evitniws #1 Li mrury «vdttaeial sae? oe 

“sep*annend ' Sak Isir~e Vas a posers 

ee aire | Lib. ah we | oO etn se: ae sabaneaiall 

ts te p if jot?  Leteayat, ~a0ke intastioe - 


Pe eee ee Od j 4 hbre ge Oye agemieded - 

| cs Pl "4 ‘ol eeeeei etree etawed (Ot wl 
ik: WOR en " Ao tuitas 4&8 Yo” 

) nn f cuiorreet onasiaga” -¢ 


owl oko lo « tubgavign.¢ : 
aeipe’ , mV ri 5 enn | pov 369% vet 2 2eAs- werande 
te. cht. tome G2 GEL eos 290008 nbedoieet pe Seog 


| lnavseangs as 
“is JOSAGeN EY ae Te ve Jen ts 4 eel daae aqatr aceenlir 3 
Asawa, onan 7? w4 ple GAtoLaeietek to’ 1m saad wiht gle — . 
‘= ait acter’ 2) ee eae aianT ipl -PReRE: - yemyntaiem 


i aA | oo ; 
7 _ 
— 


7 »? 
_ - 


ay a ee, eaie ejente 


— 5 
nN 


¥ > rave ” ve 7 : “| 
: 7 ’ ; : aE _ - 6 
om: ; 


routs 4 


i ao Zz 


49 


aflotoxicity since it appears to be an excellent growth 
medium for Aspergillus flavus. Samples of cassava flour fron 
Brazil have been shown to contain high levels of aflotoxins 
and were at one time thought to be responsible for Black 
Fever in children of the upper Amazon (BoShell, 1968). 
Studies with cassava Starch in Thailand and Hong Kong by 
shanks =et- al. (1972) and fermented cassava in Dahomey by 
Toury and Giorgi (1966) have shown the presence of 
aflotoxins. In Uganda, Serck-Hanson (1970) provided 
circumstantial evidence to show that highly contaminated 
cassava samples may be involved in a documented poisoning 
episode. Nestel (1974) concluded however that because of the 
varied ways cassava is handled after harvest, there appears 
little evidence that aflotoxins present in cassava will 


present a significant problem. 


Utilization of Cassava as a Livestock Feed 


The demand for cassava aS an ingredient in animal feed 
has increased over the years. Although world production 
figures for cassava roots are well documented (F.A.0., 1970, 
1972, 1974) the quantity used for animal feed purposes is 
not well established. Imports of cassava for animal feeding 
into Western Europe have increased over the years, 
especially since the development of the European Economic 
Community's Common Agricultural Policy (Phillips, 1974). The 
imports of cassava into the E.E.C. has increased from 


884,000 +t in 1966 to 1,900,000 t in 1974 (Phillips, 1974). 
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Although Germany alone imported 79.4% of the total in 1966, 
they only imported about 22% of the 1973 figures. 
Netherlands has within the same period increased their 
imports from 96,000 to 700,000 t. In Germany, cassava makes 
up about 40% of pig diets while in the Netherlands, about 


7.5-15% cassava is used for growing-finishing diets. 


Types of Cassava Products Used in Animals Feeds 


Various forms of cassava roots and products are used in 
animals feeds. The most common ones are chips, broken roots, 


pellets, slices and meals. 


1. Chips 

Cassava chips are the most common form used in the 
animals feed industry. The standards set are that the chips 
must contain a maximum of 13-14% moisture, 5-6% crude fibre, 
3-5% ash and a minimum of 70% starch. No standard is usually 
placed on protein content. The size of chips varies but the 
length should not be more than 4-5 cm because of the 
tendency for long chips to jam mixing equipment. The chips 
should consist of roots which should be well peeled, washed 
and dried. The quality of chips however still varies 


depending on the source. 


2. Broken Roots 


These are similar to chips but usually longer. 
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3. Pellets 

The pellet size is usually 1 cm in diameter and 2 cm in 
length. Pellets are more expensive than chips but are easier 
to handle; freight rates are lower probably because of less 
Space requirement; and the quality of the product is more 
uniform. The use of pellets is becoming popular because of 


the reasons given above. 


4. Cassava Meal 

This is the residue of roots and chips after processing 
in manufacture of starch. The meal still contains as much as 
55-65% starch but the quality is inferior to chips or 


pellets due to more contamination. 


Cassava in Swine Feeding 


Studies to evaluate cassava roots aS an energy source 
for pigs have been reported in the literature since 1900 
(Tracy, 1903; Connor, 1907 (cited in Hendershott et al., 
1972);  Mondonedo, 1928; Woodman et al., 1931; Alba, 1937; 
Asico, 1941; Sreeramamurthy, 1945; Oyenuga and Opeke, 1957; 
Modebe, 1963; Peixoto, 1965; Maner, 1973). Most of the above 
work involved comparing diets containing cassava with diets 
containing other roots, tubers or cereal grains. Hendershott 
et al. (1972) quoted Tracey (1903) reporting that many 
farmers used casSava exclusively during the finishing 


period. The pigs ate it greedily and preferred it to corn. A 


summary of the results of studies between 1927 and 1941 by 
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Maner showed that the maximum satisfactory level of 
inclusion of cassava for growing and finishing pigs was 40 
percent. In most of the cases, the levels of production and 
feed efficiency were low. Even the results obtained from the 
controlled experiments were low when judged by our present 


knowledge and advances in nutritional research. 


Feeding Experiments 


Mondonedo (1928) compared corn and cassava (20% of 
diet) using 8-month-old pigs for a 75 day feeding period. 
The results showed that the pigs fed the diet containing 
cassava gained 8% faster, ate 9% more feed and required 9% 
less feed per unit gain than those receiving the corn diet. 
Feed cost per unit gain was 11% less with the cassava diet 
but the carcasses were apparently superior on the corn diet. 

Asico (1941) used a similar method to that of Mondonedo 
to compare cassava and corn. He used young weanling pigs and 
fed them for 210 days divided into three 70-day periods. On 
the basis of ADG, his results showed that the cassava diet 
was only 90% as efficient as the corn diet and 95% as 
efficient on the basis of EFC. He concluded that "gaplek 
meal" was a good substitute for corn in rations for growing 
pigs if the price was 95% that of corn. 

Oyenuga and Opeke (1957) utilized 40 and 55% fresh 
cassava for growing and finishing pigs respectively and 
compared these levels of cassava with guinea corn (Sorghum). 


The fresh cassava was fed either raw or cooked along with 
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Supplements supplying protein, energy and minerals. The pigs 
were hand-fed thrice a day in order to equalize nutrient 
intake of cassava-fed animals and control animals. The 
effects of this hand feeding is not known. They concluded 
that cassava was equal to sorghum in feeding value and that 
raw cassava waS highly palatable and equal to cooked 
cassava. 

Later, at the same station, Modebe (1963) replaced 
sorghum or maize with dried cassava at 32, 37 and 40% of the 
diet for pigs weighing 23-26, 37-55, 55-75 kg respectively. 
Another group (treatment 2), received dried cassava at 42, 
47 and 50% of the diet. The pigs fed the lower levels of 
cassava meal (32, 37 and 40%) grew at a rate that was not 
Significantly different from that of the control (0.491 vs. 
0.482 kg/day) or from that of the higher levels of cassava 
meal (0.491 vs. 0.473 kg/day). Feed conversion was about the 
same for treatments 1 and 2 but pigs fed the higher levels 
of cassava required slightly more (3%) feed per unit gain. 
The cassava-fed pigs had a lower carcass grade but feeding 
cost per unit gain was lower for the cassava diet. Modebe 
found that a level of up to 50 to 55% of the diet can be 
supplied by either fresh or dried cassava. 

Mejia (1960) cited by Maner (1973) used 20 and 40% sun- 
dried cassava to replace similar quantities of corn in 
rations for growing-finishing pigs. His results indicated 
that cassava has an available energy value similar, but not 
necessarily superior, to that of corn. 


Aumaitre (1969) cited by Maner compared dried cassava 
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meal and corn, wheat and barley and decorticated oats for 
baby pigs between the ages of 5 and 9 weeks. The cassava 
diet gave maximum performance (416 g/day) as compared with 
barley, oats, corn and wheat (386, 380, 354 and 360 g/day) - 
The improvement due to cassava substitution was reported to 
be due to a reduction in the incidence of diarrhea observed 
in the pigs. The digestibility results showed that wheat, 
barley, corn and decorticated oats had DE values of 3973, 
3955, 4046 and 4024 kcal/kg respectively, comparable to that 
of cassava meal (4185 kcal/kg). 

Shimada (1970) also cited by Maner used 0, 22, 44 anda 
66% sun-dried cassava meal to replace corn in diets for pigs 
between 30 and 90 kg. Although there were insufficient pigs 
for valid statistical analysis, the results generally 
indicated that up to 44% cassava meal can be used to replace 
corn without causing a reduction in overall performance. 
Cassava at a level of 66% caused both reduced ADG and poorer 
EFC. 

The most recent and extensive work with cassava in 
swine feeding has been conducted in Colombia by Maner 
(1973). The studies involved the use of cassava meal, fresh 
cassava and casSava Silage. In experiments 1 and 2, the 
practice of feeding raw cassava and a protein supplement 
free choice was compared with a corn-based completely mixed 
diet. The feeding of protein supplement With caSsSava was 
tested in two ways. In one case, both the raw chopped 
Cassava and supplement were fed ad libitum. In another, the 


raw chopped cassava was fed ad libitum but the protein 
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supplement was fed daily in sufficient quantities to supply 
Minimal daily requirements, The results from both 
experiments indicated that pigs fed the supplement ad 
libitum consumed excessive quantities of protein supplement 
and balanced their diet at nearly 25% crude protein. Rate of 
gain was Similar in both experiments except that the pigs 
fed Yaw cassava free-choice and a controlled quantity of 
protein supplement gained slightly slower. EFC was improved 
with the cassava and free choice feeding of supplement. It 
may be that this improvement was not due to cassava per se. 

In experiment 3, cassava was offered ad libitum and two 
basic protein supplements, cottonseed meal (CSM) and SBM, 
with two levels of vitamin-trace mineral supplementation, 
were compared. The results showed consistently that there 
was no advantage in adding higher than recommended levels of 
vitamins and trace minerals. The use of CSM at a 25% level 
of supplementation for soybean meal appeared to be 
acceptable but feed required per unit gain appeared to 
increase with CSM as a supplement. 

It was observed that the pig does a fairly acceptable 
job of balancing his diet when offered fresh, chopped 
cassava and protein supplement free choice. Limiting the 
protein supplement consumed per day to a level calculated to 
supply 10% more than the National Research Council's 
requirements did not result in an increase in daily cassava 
consumption. 


one problen with the three trials was the low 


consumption of cassava at the start of the trials by young 
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pigs. If supplement was available free choice, they readily 
ate the supplement. In general however, the daily voluntary 
consumption of wet cassava increased progressively fron 
weaning to market weight while the daily voluntary 
consumption of protein supplement remained almost constant 
throughout the entire period. 

In experiment 4, dried cassava was also fed free-choice 
with other protein supplements apart from SBM and CSM in 
order to broaden the application of the data over a wider 
geographical area. The protein sources used were SBM, meat 
meal (MM), CSM, and combinations of MM—-blood meal (BM); MM, 
BM and CSM; fish-meal and CSM. In general, reasonably good 
performance was achieved with SBM, MM, BM and CSM or FM. 
Rate of gain was inferior with CSM alone. Pigs in all 
treatments over-consumed protein during the entire 
experimental period. 

In experiment 5, dried cassava meal waS incorporated 
into balanced diets at 33, 66 and 100% of the corn in 16% 
crude protein diets, in order to measure its energy value as 
a substitute for corn in growing-finishing pig diets. A 
factorial design was used and the other variable was 0 or 
10% cane molasses to evaluate its effects on reducing 
dustiness (especially in 100% cassava meal) and improving 
palatability of the diets. The results showed that each 
increase in level of cassava caused a corresponding decrease 
in ADG with or without molasses. The addition of molasses 


caused an increase in FI by 13% and increased ADG by 10 


percent. 
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Maner also fed cassava silage made from fresh roots or 
a combination of the whole plant (roots, stalks and leaves). 
He fed the cassava root silage and protein supplement; 
cassava root, leaf and stalk silage plus supplement, and 
fresh chopped cassava plus protein supplement free choice to 
three different treatment groups. Pigs receiving the root 
Silage gained slightly faster and consumed less feed than 
those receiving fresh cassava and supplement. He concluded 
that root silage appears to be a good alternative way to 
feed cassava. He suggested that the roots and the leaves be 
ensiled for pigs but that the stalks should not be included. 

Orok and Bowland (1974) fed three levels of Nigerian 
cassava meal (30, 40 and 50%) to rats. Their results showed 
that at these levels of substitution, the performance of the 
weanling rats was equal to that obtained with a corn-soybean 
meal diet. 

Feeding trials at the University of British Columbia by 
Bragg and Kitts (1975) indicated that 5, 10 or 20% dietary 
cassava is an excellent energy source for starting broiler 
chicks. They also showed that 40% dietary cassava can be 
successfully fed to growing and fattening steers. 

There therefore appears to be adequate evidence to 
conclude that cassava can be used in Swine feeding. Most 
authors, however, recommend that it should not be used as 
the only energy source in the diet. Cassava silage also has 
a great potential as a livestock feed but the Silage should 
be the roots alone or the roots and leaves. Some other 


source of dry matter could also be mixed with Silage to 
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increase the energy content, and reduce the loss of 
nutrients through drainage. 

Experimental results show that levels of cassava 
varying from 10 to 50% of the diet can be fed to pigs. The 
diets however have to be well balanced in amino acids, 
minerals and vitamins. Palatability is not a serious problem 
because the roots are nearly odourless and have a pleasant 
taste. Although Maner (1973) had some initial palatability 
problems with very young pigs, feed consumption later 
increased to a satisfactory level. 

The use of cassava in livestock feed is restricted in 
many countries. These regulations and guidelines were 
established to protect livestock from potential toxicity at 
high dietary levels of cassava. Other regulations are 
related to the low protein content of cassava. In Belgiun, 
the maximum level allowed is 5% of the diet for swine. In 
Germany and the Netherlands, the maximum level for growing- 
finishing pigs is 40 percent. In Canada, the suggested 
levels in swine rations are 10-40 percent (Hare and 
Associates, 1973; Hare and Saben, 1974). 

Despite the limitations highlighted in this review, 
cassava has a very high potential in swine feeding. Jones 
(1959) Summed up this potential in his book "Manioc in 
Africa" when he stated that "perhaps the most promising way 
to take advantage of the low cost and great productivity of 


manioc is by feeding it to livestock." 
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EXPERIMENTAL PROCEDURE 


Objectives 

The objectives of the study were: 

1. To assess the nutritive value of FB (Vicia faba lL. 
minor) as a sole protein supplement or in 50:50 combination 
with solvent extracted SBM for growing-finishing pigs. 

2. To evaluate the effects of feeding a 16% level of 
dietary protein, supplemented or not supplemented with L- 
lysine and DL-methionine throughout the starting to 
finishing periods on the performance of pigs. 

3. To assess the nutritive value of pressure processed 
cassava meal at three levels of supplementation (0, 20, 40% 
of the diet) for starting pigs. 

4. To assess the effects of feeding casSava meal on 
thyroid function uSing T3 and T4 levels in the plasma as a 


measure of thyroid status. 


Animals and Housing 

One hundred and twenty pigs farrowed at The University 
of Alberta Edmonton Research Station were used in this 
study. Their pre-weaning management followed the standard 
practice for Alberta outlined by Aherne et al. (1974). After 
weaning and before allotment on the experiment, the piglets 
had access to creep feed and water ad libitum. The pigs were 
a cross between Yorkshire and Lacombe-Yorkshire. On April 
23rd and July 22nd, 1975 respectively, sixty pigs equalized 


as to sex and weight were allotted to fifteen dietary 
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treatments, giving two groups in time. There were thus 4 
pigs per treatment (2 barrows and 2 gilts) each time or a 
total of 8 pigs per treatment. Pigs in replicate 1 were 
allotted at an average age of 26 days and an average weight 
of 5.85 kg (range 4.4-7.4 kg). Those on replicate 2 were 
allotted at an average age of 32 days and an average weight 
of 5.98 kg (range 4.7-9.0 kg). 

All pigs were housed in an experimental barn 
thermostatically maintained at a temperature of 21-22°C. The 
floors were concrete. During the growing phaSe, there were 
two pigs per pen (1 barrow and 1 gilt). During the finishing 
period (beginning 9 wk after the experiment started), the 
pigs were moved to a Separate barn where they were kept 4 
pigs per pen. 

Pen size was 0.6 m x 1.2 m during the starter phase and 


1.4 m x 3.95 m during the finishing phase. 


Experimental Diets and Design 

The composition of the 15 diets fed during the growing 
and finishing phases is shown in Table 3. Diets 1-9 were 
formulated to contain approximately 16% (N x 6.25) crude 
protein, 3,300 kcal DE/kg 0.70% calcium and 0.55% 
phosphorus. Supplemental L-lysine and DL-methionine were 
added to diets 10-15 to raise the levels of these amino 
acids in these diets to approximately the same levels as in 
the 16% protein diets (1-9). The protein supplement in diets 
1-3 was supplied entirely by solvent extracted SBM. FB was 


the sole protein supplement iodLletseh74ecs 1 ore loz e shandeibs 


wee CARMA Ey 88 ate Pe Shad 
MM 62955 -t, 4 iv oan vnoaeteinngicit= 
ody, wrest irved) .  votg pido l pinot: .ooe200OR) Oe sz0ott © 
wbsdspare wks) obbeeT SAE ied Wee mgieed te oa toy ee . 
sat (Ce tict? a -alfitqe, Git. aueTae Oe,% untangle boiteg 7 
Oe ee ee asad, 28k og 18 vor brasneih anal . 


ga SOAde THIAPG, 1”, 0 49b-—w Est oe + epee ow? =v — 
cnadde cul piinis: of? geitan valet aah Zs 
ily Oy ae - 

shite soe eter dpemenzeges | 

afte uPay t awhaua tet a et 4l3 te Neo bc GGay eee Ali, ( a) ne 


eite =F 19, lua ae nen re aa8edg eeddeints. ian 
Ruri «¢ sth pease: ad a 
HEAD. Sep evldler anings | 


" pat ee 


— 


aie 


= — pees 
TN ea ak eae tee ead 
re ; " ie at ak "Oh ~ el 


eS i) Pra a 


© 


a) 
ae 


iad 


7 
oe | 


61 


Diets 4-6 and 10-12 were a mixture of SBM and FB. The FB 
were Alberta grown. 

Cassava was substituted for barley at levels of 20% and 
40% cespectively in diets 2 and 3; 5 and 6; 8 and 9; 11 and 
12; and 14 and 15. The cassava was made from the whole root, 
mechanically peeled, pressure processed and imported from 
Thailand (Saben, personal communication). 

The allotment of pigs on experimental diets during the 
growing and finishing phases is shown in Table 4. The pigs 
were kept on the 15 dietary treatments during the starting 
phase (week 1-9). At the end of the 9th week, they were 
moved on to appropriate no caSSava treatments 1, 4, 7, 10 
and 13 (4 pigs/pen; 12 pigs/treatment in each of two time 
periods) until they reached market weight (85 kg). 

Water was provided ad libitum by means of automatic 
fountains installed in each pen. Feed was also provided ad 
libitum in self-feeders throughout the duration of the 


experiment. 


Growth Studies 

Animals were individually weighed every Wednesday 
throughout the experimental period. Feed intake during each 
weekly period was also recorded. Pigs were slaughtered when 
they reached a minimum of 85 kg live weight. In each pen, 
the last pig, regardless of weight was slaughtered when the 
third pig reached slaughter weight. This criterion could not 
be strictly adhered to in both replicates because the pigs 


on treatment 7 were growing slowly. A deadline was therefore 
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Set for final shipment of pigs. Standard carcass valuation 
(Grade Index) and Record of Performance indexes were 
determined (C.D.A., 1969). Details of the Grading and R.O.P. 
systems used are shown in Appendix 1. Carcass data were 
missing for two animals in replicate 1. These data were not 
received from Swift Canadian Limited following slaughter. 
One pig in replicate one, treatment 10 died about 10 
days after allotment and was replaced. The postmortem report 
Showed that death was due to gastric ulcers leading to 
profuse bleeding and internal haemorrhage. A total of four 
pigs died in replicate 2. Three died accidentally during 
bleeding and the other on the 15th week of the experiment. 
Postmortem report showed that he suffered from torsion of 


the intestine, resulting in complications and death. 


Blood Studies 

Individual blood samples for T3 and T4 analyses were 
taken during the 9th and 8th week of the experiment in 
replicates 1 and 2 respectively by anterior vena cava 
puncture (Carle and Dewhirst, 1942). The samples were 
immediately centrifuged and about 10 ml of plasma collected 
for analysis. The samples were analyzed by Krahn.!t The 


method of analysis is shown in Appendix 2. 


1 P.M. Krahn, Box 87, RR. #2, Site 9, Sherwood Park, 
Alberta. 
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Metabolism Trials 


During the 6th to 8th and 5th to 7th week of the 
experiment, energy and nitrogen digestibility and retention 
studies were carried out in replicates 1 and 2 respectively. 
Thirty pigs (15 barrows, 15 gilts) were used in each 
replicate in groups of ten each week. Selection and 
allotment of the pigs was such that the average weights were 
Similar. The heavier pigs in each replicate were used in the 
first week of the digestibility trial and lighter pigs in 
subsequent trials. 

Pigs were fed their respective diets during the 
adjustment and collection period at a level of 80-90% of the 
average daily feed consumed prior to the commencement of the 
trial. They were fed three times daily. Unconsumed feed 
during the period was collected, dried at 609°C in a forced 
air oven2 for 3 days, weighed and deducted from the feed 
given. 

Total fecal and urinary collections were made for three 
days after an initial 3 days acclimitization period as 
described by Castell and Bowland (1968). Representative 
samples of the feces were oven? dried at 60°C for 72 hours, 
weighed and ground in a Christy and Norris 8 inch laboratory 
mill.* Representative samples of the urine were freeze- 


driedS (38°C shelf temperature for 48 hours) before gross 


2 Style 31, Dispatch Oven Co., Minneapolis, Minn., U.S. Ae 

3 Style 31, Dispatch Oven Co., Minneapolis, Minn., U.S.A. 

4 Christy and Norris Ltd., Chelmsford, England. tone 

S Repp Sublimator, Model SRC-42, Division of Virtis Co. 
Inc., Gardiner, New York, 12525 pe Ui ns 


olay’ LFERLIN pete Fe wits at / ae 
sbacak amelie +14stiee tian ab earn chinned at % fel 
| of gale TAGE Joie res , eer ad Peay ie site yw soo 
7) id tu | othe Tie 1 ae ort 
Pe 4 £oeela ND invel @ le) lee dvi sae bies: aie 
Ai. Oa Veen SLAMS. 49 C1 Ott MERE nest chien oo 
déet Capatinih).°hird 49008 qog £4 nl a © Were yah? tebe: 
woul & ak AQoh bw Peet (oerhed ipa iaee sesbew sana 


>» 80 


r my aut? Setopbel fob Sadaiyw, caeeh ~~! tor 


> 


a 


vo 1? anew ead awePtees (toi! phe hin. \ling eeu tate 7 
ce Ari: wb isdihgeieds ogee 66, beeees wn eng 8 
er biel 14e Oro 5128 Te ee ’ eq’ J petes< 9a . 
ah rho a ee tm hoes Sirarh fale akon 
eAbmatter girat ae tae is saya bee 
eee: Clee on ki aap Mts heen a 


dannii 0+ 9h wie eae) 


66 


energy of feces and urine were determined in a Parr Oxygen 
Bomb Calorimeter. The energy content of individual diets 
was also determined with the same instrument. Kjeldahl crude 
protein (N xX 6.25) determinations of the diet, the dried 
feces, aliquots of the urine and the dry matter analysis of 
the feed were as deScribed in A.0.A.C. (1965). A commercial 
"kel-pak"? was used as a catalyst in the Kjeldahl analyses, 
the ammonia was collected in 4% boric acid and titrated with 
standard H260.,. Metabolizable energy (ME) and nitrogen 
retention (NR) data by total collection method were not 
included in Table 11 because there were no comparable 
results by the HCl-digestion method. 

Digestibility of the diets was also determined by 4N- 
HCl indicator method (McCarthy et al., 1974). The insoluble 
ash obtained after boiling in 4N-HCl for 30 min was used as 
an indicator to calculate the digestibility coefficient in a 
way Similar to the chromic oxide method. The percent 
digestibility was calculated as outlined by Maynard and 


Loosli (1969). 


% Digestibility = 


% Indicator in Feed % Nutrient in Feces 
100 - (100 x ee ee ete Sat renee =) 
% Indicator in Feces % Nutrient in Feed 


6 Parr Instrument Co., Moline, Tllinois, U.S.A. Temperature 
changes recorded by a Brown Electric Recorder manufactured 
by Minneapolis-Honeywell Regulator Co., Phil., Pennsylvania. 
7 Matheson Scientific, East Rutherford, New Jersey. It 
supplied a mixed catalyst containing HgO, k SO and Cuso. 
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METHODS OF STATISTICAL ANALYSIS 


Analyses of variance were computed to determine if 
Significant differences existed between the dietary 
combinations. The sources of variation and traits considered 
are presented in Table 5. Diets were considered as fixed 
sources of variation. The multiple comparison of means were 
made at the 5% (P<0.05) level of probability using Duncan's 
Multiple Range test (Steel and Torrie, 1960). 


The following symbols were used to denote tests of 


significance. 
SYMBOLS MEANING 

* The means compared are signifi- 
cantly different at P<0.05 

eK The means compared are signifi- 
cantly different at P<0.01 

fe kk The meanS compared are signifi- 
cantly different at P<0.001 

ages, d, 4 Means of the same series (column 


or row) bearing the same letter 
or no letter are not signifi- 


cantly different at P<0.05 
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TABLE 5 


SOURCES OF VARIATION AND NUMBER OF TRAITS STUDIED 


eee we we wee we = = —_— 
= in a a a NaS SS SSS aS 


PHASE TRAIT DIET SEX REPLI- 
CATION 
Starting Phase Growth and feed consumption: 15 2 ye 


9 wk. initial wts. 
Average daily feed 
Average daily gain 
Kg feed/kg gain 


Metabolism studies: 15 2 2 
Energy and nitrogen 

digestibility by HC1- 

digestion and total 

collection 

Blood studies: 15 2 2 
T3 and T4 levels 


Finishing Phase Growth and feed consumption: 5 a 2 
9 wk-market wt 
Average daily feed 
Average daily gain 
Kg feed/kg gain 


Carcass analysis: 5 2 2 
Days to market 
Market weight (kg) 
Carcass weight (kg) 
Dressing (4%) 

Total backfat (cm) 
Length of side (km) 
Lean in ham face (4%) 
Ham wt/carcass wt (4) 
Loin area (Sq cm) 
Lean area ham/ham wt. 
sq cm/kg 
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Standard errors of means® are also indicated. Digestibility 
studies were computed considering diets as a source of 
variation. 

In the case of treatment 3, replicate 1 where one pig 
died during the starting phase, data of the surviving pigs 
were used. Means were used to estimate missing data in 
replicate 2 (finishing phase). Data for feed consumption 
were calculated on the basis of pig-days and average daily 
gains were based on total gains per pig divided by the pig- 
days. EFC were based on the total feed intake per pen, per 


phase. 


Error mean Square 


ror Of the McalsS  —/ ana 
Standard Er Number of observations 
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RESULTS AND DISCUSSION 


The results of this trial are discussed under the 


following headings: 


A. Growth performance during starting and finishing 
phases 
(a) Average daily feed intake 
(b) Average daily gain 
(c) Feed conversion efficiencies 


B. Digestibility of the diets 
{a) DE 
(b) DN 


C. Thyroid status (starting phase only) 
T3 and T4 levels 


D. Carcass characteristics 


There was no Significant difference in initial weights 
of pigs between treatments and between replicates. The 
performance of the pigs fed the various diets during the 
starting phase is shown in Table 6. 


(a) Average Daily Feed Intake (ADFT) 


Feed consumption data were collected on pen basis but 
ADF was determined on the basis of pig-days to enable 
comparison to be made between diets. There was no 
Significant difference (P<0.05) in ADFI between diets 1, 2, 
weirs, 6, 10, 11, (2, ts and: to. Pigs ted diecs, 176,70 
were Similar and statistically (P<0.05) lower in ADFI than 


those listed above, while those fed diet 15 were 
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TABLE 6 


PERFORMANCE OF PIGS DURING STARTER PHASE 


Se S28 SOO www ww eee ee ee 
Da a eS eS a ee 


DIET SOURCE OF LEVEL OF Avg daily Avg daily Seay 
PROTEIN CASSAVA gain KG feed KG KG GAIN 
1 SBM 0 0.34abc 0.97ab 2.92¢ 
26 SBH 20 0.39a 1.06a 2-71c 
3 SBM 40 0.35abc 0.91abec 2e82¢6 
RYeSBMT— oFB 0 0.34abc 1.02a 3.09c 
Saabs Sere 20 0.29abc 0.87abc 3213¢ 
Cro oes -eG8 40 0.30abc 0.86abc 2288¢ 
Meer 0 0.14ef 0.67cd 5.06ab 
8 FEB 20 0.12ef 0.68cd 6.09a 
Ge eFB 40 0.09f 0.52d 6.36a 
10 SBM-FBta.a. 0 0.38a 1.02a Ze72c 
Tt” -SBM-FBta.a. 20 0.32abc 0.95ab 3.00c 
12 SBM-FBta.a. 40 0.36ab 0.96ab 2-76c 
13 SOEB SE pasa. 0 0.24cd 0.81labc Sao 36 
14 FB + a.a. 20 0.27bcd 0.87abc Stes 
Umer Be tea <a’. 40 0.19de 0.73bcd 3.89bce 
Replicates 0229 0.90 Bee 
2 0.26 0.82 3070 
Grand Mean 0.27 0.86 3.61 
0.032 0.082 0.47 


Si Me 


of Mean 


1 EFC = efficiency of feed conversion 
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intermediate in ADFI. Addition of lysine + methionine 
resulted in a non-significant trend toward increased ADFI in 
diets 10, 11, 12, 13, 14 and 15 over ESD Peon ees SSerihe 
inclusion of cassava at up to 40% did not significantly 
decrease ADFI within each dietary group, but pigs fed 40% 
cassava ate about 13% less feed than those on no cassava 
diets. The reduced feed intake was most pronounced on the 
100% FB diets. The poor palatability of FB combined with 
cassava at such high levels could have contributed to this 
reduced feed consumption. 

(b) Average Daily Gain (ADG) 

The results for ADG followed a similar trend to average 
daily FI. The best ADG were obtained on diets 2, 10, 12 and 
4. There waS no Significant difference (P<0.05) between 
a2ecs@miyec, 3704, 85, Grenid;eeit andferesagedicts lr], mec 7ees 
produced the poorest gains and were significantly different 
(P<0.05) from all other diets. The ADG on diets 13, 14 and 
15 were intermediate between those of diets 1, 2, 3, 4, 5, 
Ge 102841, ot2eandediets 7 ,187°9. &bThesaddition Tok® lysine G4 
methionine to diets 4, 5, and 6 (10, 11, 12) did not 
Significantly improve ADG. 

Aherne (1974) indicated that there is generally no 
Significant improvement from methionine supplementation of 
FB-based diets. Stothers (1974) got conflicting results. He 
observed that methionine supplementation improved FI and ADG 
‘but impaired EFC. Davidson (1973) observed improved egg 


production when he supplemented FB laying diets (15% level) 


with methionine. 
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The inclusion of cassava at up to 40% level had no 
adverse effect on ADG with any of the diets. This result 
agrees with that of Aumaitre (1969) that cassava can be 
included in starter rations at up to 40% level without 
adverse effects. However, Aumaitre indicated that this was 
true only when there is a proper balance of amino acids in 
the diet. In the current study, amino acid balance of the 
diet did not significantly alter the response to inclusion 
of cassava in the diet. 
| There waS a Significant sex effect on weight gain 
during the starter phase. Barrows gained faster than gilts 
in all treatments. This finding agrees with those of Bowland 
(1974) and Bowland et al. (1975). 

(c) Feed Conversion 

There waS no Significant difference in EFC between 
Geeatments tT, 2, 3, 4, 5, © and 10, 11,12, 13, \4. Diets’ 7, 
8, and 9 were significantly different (P<0.05) from the 
other diets. 

The parameters measured above suggest that FB can be 
included in pig starter rations at up to 21% of the diet but 
should not be fed as a sole protein source. Cassava can be 


included in pig starter rations at up to 40% of the diet 


without any adverse effects. 


Performance of Pigs 


Table 7 show the effect of 0, 20 and 40% cassava in the 


diet on the performance of pigs during the starting phase. 
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LAD Lees, 


EFFECT OF LEVEL OF CASSAVA ON PERFORMANCE OF PIGS DURING 
STARTER PHASE 
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The results indicate that there were ho Significant 
differences in ADF, ADG, and EFC with up to 40% cassava in 
the diet. There was, however, a trend towards reduction in 
ADF, ADG, and EFC with increase in the level of cassava. 
This could be due to the dustiness of the diet with 
increased level of cassava and resultant low ADF. 

The effect of the previous inclusion of cassava in 
starter diets on the performance of pigs during the 
finishing phase is shown in Table 10. There was again no 
Significant difference in ADF, ADG, and EFC between the 
different levels of casava inclusion. 

The results indicate that up to 40% cassava can be 
included in pig starter rations without any adverse effect 
on their performance or the subsequent performance of the 


pigs later on in life. 


Growth Performance--Finishing Phase (ADG, ADF and EFC) 

The performance data during the finishing period of 
this trial is presented in Table 8. Because pigs on 
treatment 7 and 13 grew more slowly during the starter 
phase, they needed more total pig-days to reach market 
weight. These treatments were therefore Significantly 
different (P<0.01) from treatments 1, 4 and 10 for total 
gain during the finishing phase and for ADG. Pigs on 
treatment 7 and 13 appear to have made adequate daily gains 
in spite of the poor performance during the starter phase. 
Pigs on treatments 1, 4 and 10 made ADG above average 


expectation (A.R.C., 1967; N.R.C., 1973). These results tend 
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TABLE 9 


EFFECT OF STARTER DIETS ON PERFORMANCE 
DURING FINISHING PHASE 
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TABLE 10 


EFFECT OF LEVEL OF CASSAVA IN STARTER DIETS ON PERFORMANCE 
OF PIGS DURING FINISHING PHASE 
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to support the concept of compensatory growth responses 
following a period of restricted nutrition (Zimmerman and 
Khajarern, 1973; Wyllie et als, 1969). ‘There! were. no 
Significant sex or replicate effects. The results for ADF 
followed the same trend as for ADG. Pigs on treatments 7 and 
13 consumed Significantly less feed per day (P<0.001) than 
pigs on treatments 1, 4 and 10. There was no Significant 
difference between treatments for EFC. 


of Starter Diets on Performance During the Finishing 


The 24 pigs on each finishing diet for both replicates 
was made up of 8 pigs from each of the starter diets. Table 
9 shows the effect of the starter diets on performance 
during the finishing phase. 

Although pigs formerly on treatments 7, 8 and 9 
consumed less daily feed during the finishing phase than 
pigs on the other treatments, there was no significant 
difference between treatments for this parameter. The 
previous inclusion of cassava did not reduce feed intake in 
any of the dietary groups except in treatments 7, 8 and 9 
where the level of FI decreased with increase in the level 
of cassava. 

There was no significant difference between treatments 
for ADG, although relatively low ADG were made on treatments 
7, 8 and 9 where pigs were fed FB. The supplementation of 
diets 13, 14 and 15 with lysine improved ADG over 7, 8 and 9 


although this improvement was not Significant. The previous 


inclusion of cassava in diets 7, 8, 9 and 13, 14, 15 tended 
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pomematcneasa” Gdaily?*’gains®! bat’ thes lincedace Mudgee not 
Significant. 

There were significant differences (P<0.05) between 
treatments for EFC. The best EFC were obtained on diets 1, 
6, 11 and 14. The starter diets did not have any Significant 
effect on performance during the finishing phase. Diets 2 
and 10 which were the best treatments during the starter 
phase did not produce best performance during the finishing 
phase. 

In Summary, this study indicates that ground 
unprocessed fababeans at levels up to 30% of the diet 
Supplemented with adequate lysine and methionine can be fed 
to finishing pigs to produce results comparable to that 
Obtained on a SBM-based diet. Castaing and Lewittel (1974) 
progressively substituted FB for SBM at levels of 0 - 36% of 
the diet for growing - finishing pigs. They noted no 
Significant differences between diets for feed intake, ADG 
and EFC. They concluded that FB can be used at high levels 
in pig finishing diets without reducing performance. 
Stothers (1974) however, observed that a complete 
replacement of SBM by FB produced performance results 
Slightly inferior to that of a SBM or SBM/FB rations. 
Bowland et al. (1975) fed FB as a sole protein supplement to 
finishing pigs and did mot observe any significant 
depression in performance. The study also confirms earlier 
reports that a 16% protein fed throughout to growing - 
finishing pigs is adequate for optimum gain, feed efficiency 
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McConnell et al., 1973; Pay and Davis, 1973; Davey and 
Frobish, 1975). 


B. Digestibility Studies 

Digestibility was estimated by both the 4N - 4HC1 
digestion method (McCarthy et al., 1974) and the total 
collection method. 

The results of the digestibility studies are shown in 
Table 11. Data are presented on DE coefficients, DE content 
| of the diets, average daily DE intake; DN, DP of the diets, 
average daily DP intake and average daily DN intake. 

The digestion coefficients for DE and DN by the total 
collection method were significantly higher (P<0.001) than 
those by 4N - HC1 method. Other authors generally agree with 
this finding. Mc Carthy et al., (1974) reported in one 
experiment that total sonleeeion method gave DE and DN 
values which were significantly higher (P<0.01) than those 
of 4N - HC1 method and in experiment 2 (without celite) 
obtained values that were Similar. Vogtmann et al. (1975) 
working with broiler chickens also reported significantly 
higher ME - values by the total collection method as 
compared with the insoluble ash method. Van Keulen 
(unpublished data) obtained significantly higher dry matter 
and energy digestibility values (using sheep) by the total 
collection method than by the HC1 - digestion method. 


There was no significant difference (P<0.05) for DE 


between dietary treatments by the total collection method. 


Significant differences (P<0.01) were however observed for 
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DE by 4N —- HC1 method and consequently the mean of the two 
methods. The mean coefficients for DE were between 76.1 and 
81.7 (mean 78.4). | 

The digestion coefficient for energy was significantly 
higher (P<0.05) for diet 3 than for the other diets. This 
improved DE was not reflected in improved performance (ADG, 
ADF and EFC). The NRC (1973) recommended 3500 kcal DE/kg in 
pig starter diets but none of the diets used in this 
experiment met this recommended level. Considering the GE 
eens of the diets which were about 4000 kcal and uSing the 
higher DE values obtained by total collection, the energy 
concentration of the diets might be adequate. O'Grady and 
Bowland (1972) suggested that the optimum level of DE for 
early weaned pigs fed barley-or wheat-based diets from 3 - 8 
wk was 3200 - 3400 kcal/kg. The performance of the pigs on 
the different diets is more easily explained by the daily DE 
ae data. Although none of the treatments met the 
recommended daily intake of 4370 kcal DE (NRC, 1973), pigs 
fed diets 7, 8, 9, 13 and 15 were lower in daily DE intake 
than other diets and these pigs generally had the lowest 


performance. 

(ii) Digestible Nitrogen 

No significant differences in DN between treatments 
were observed in this study. There was however a Significant 
difference in DN (P<0.001) between the total collection 
method and 4N - HC1 method. Digestibility of nitrogen or 


protein is usually less than digestibility of energy 


(Rutledge et al-, 1961; Okai, 1974; McKinnon, 1974) and this 
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was the case in this study. The average DN was between 71.9 
and 76.9 (mean TAT) This? val we appears low when compared 
to the results of Stothers (1974) who obtained 91.1% and 
95.8% for the protein digestibility of unprocessed ground FB 
and SBM respectively. Hebbethwaite and Davis (1971) cited 
Waring and Shannon (1969) as indicating that true 
digestibility coefficients (using colostomised laying hens) 
of the crude protein of spring beans was 84.0% and winter 
beans 81 percent. Sarwar and Bowland (1976) found the 
Sicearent protein digestibility of FB to be 82 - 83 percent. 
Other workers have found values that were lower or similar 
to those reported in this experiment (McKinnon, 1974: Aherne 
1975). The digestible protein in the diet reflected the 
digestibility coefficients and are lower than recommended 
NRC values. 


(c) Blood Studies 


Table 12 shows the mean values of thyroxine, 
triiodothyronine (in ug/dl, percentage uptake and ng/dl) 
levels in the blood analysed. The results will be discussed 
for each treatment groups with increasing levels of cassava 
pucnomdiets™ (1se0,. treatments. ly 2,733 S77 5,0; 7, Bye a 
10, 11, +12; and 13, 14, 15). The effects of goitrogens on 
thyroid function and the importance of T3 and T4 as a 


measure of thyroid status had been discussed in the 


literature review. 
(i) Thyroxine (T4) 
There was no Significant difference between treatment 


groups for this parameter except for treatment group 7, 8 
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and 9. For diets 7, 8 anda 9, the results show a decreased 
level of blood thyroxine with increase in the level of 
cassava. Diet 9 was Significantly different (P<0.05) from 
diets 7 and 8. It is not known why these differences should 
occur for the FB-based diets and not for the SBM or SBM - FB 
diets. Possibly FB itself has a synergistic effect on this 
difference. Maner and Gomez (1973), suggested that cyanide 
is without measurable effect on goitre production or nerve 
degeneration in the presence of adequate methionine and 
iodine. If this is valid, it could therefore be suggested 
that methionine level in FB-based diets containing high 
levels of cassava was not adequate, hence the results 
obtained. This could also explain why there was no 
Significant difference between treatments 13, 14 and 15. 

The T4 levels obtained in this trial appear lower than 
those reported by Hollander and Shenkman (1972) for humans 
and Egbuiwe (1975) for swine who got values of 4.5 - 10.5 
ug/dl. The reason for this low value is not known. The 
results do not however show significant subnormal levels of 
T4 when compared to diets without cassava. 

(a) T3 - Uptake 

There was no Significant difference between treatments 
or treatment groups for this parameter. The values obtained 


also appear to fall within the euthyroid range of 20 - 40 


per cent. 
(Cees e oe RIK 
'RIA!' indicates that the T3 level was determined by the 


radio-immunoassay (RIA) method. 
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There waS a Significant difference (P<0.001) between 
diets in treatment groups 7, 8, 9 and 13, 14; 15. Diets 9 
and 15 were significantly different from 7, 8 and 1377 i Aeeaan 
each group. The replicates were also Significantly different 
(P<0.001). There was no significant difference between diets 
in the other treatment groups. The differences observed with 
the FB-based diets 7, 8, 9; 13, 14 and 15 might be due to 
methionine deficiency since both FB and cassava are low in 
methionine. 

Hollander and Shenkman (1972) indicated that normal T3 
levels in human plasma is 100 - 150 ng/100 mil. By the 
radioimmunoassay method, the euthyroid T3 range for rats was 
found to be 72 - 214 with a mean of 126 ng/100 nl. 
(Anonymous, Mallinckrodt laboratories). When compared with 
the latter, the results obtained in this trial show a 
enthyroid status except for diets 9 and 15. This result is 
not readily explained since the expected effects of the 
goitrogens in the cassava ingested would be an elevation and 
not a depression of T3 level. 

The importance of these results lie in the fact that 
since cassava may contain goitrogenic substances (Linamarin 
and Lotaustralin), the ingestion of high levels of cassava 
might affect the ability of the thyroid gland to produce 
optimum levels of thyroid hormones (Th Sandeerts) ores might 
induce nerve degeneration. The results obtained in this 
trial have not shown that the T4 level is subnormal or T3 


level elevated with a level of up to 40% cassava in the 


diet. 
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(d) Slaughter Age and Carcass Analysis 

The mean values for slaughter age and carcass analysis 
is shown in Table 13. There was no significant difference 
between treatments 1, 4 and 10 in the number of days to 
market. Treatments 7 and 13 (fed FB diets) were 
Significantly different (P<0.001) from 1, 4 and 10 and took 
longer to get to market weight (85 kg). Except for the slow 
growing pigs in treatment 7, all the pigs on the other 
treatments were marketed at an average liveweight of 85 kg. 
Treatnent 7 was therefore Significantly different (P<0.05) 
from the other treatments. The carcass weight followed the 
same trend as liveweight at slaughter with treatment 7 being 
Significantly different (P<0.05) from treatments 1, 4, 10 
and 13. 

There was no Significant difference between treatments 
for dressing percentage. Treatment 7 contained significantly 
(P<0.05) less total back fat than the other treatments. This 
was probably due to the slower growth rate of pigs on this 
treatment. The length of side for pigs on treatment 7 was 
significantly (P<0.001) shorter than those of other 
treatments while those on treatments 10 and 13 were longest 
and similar. These treatments were statistically different 
(P<0.001) from treatments 1 and 4 for this parameter. There 
were no statistical differences between treatments for ham 


wt/carcass wt. Although there was no statistical difference 


between treatments for area of loin, pigs on treatments 1, 
4, 10 and 13 tended to have larger loin areas than pigs on 


treatment 7. There waS ho Significant difference between 
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treatments for lean in ham face, lean area ham/ham weight 
and Grade Index measurements. The Overall carcass results 
indicate that none of the Supplemental protein sources fed 
had any major adverse effects on carcass measurements. The 
fact that there were very few significant differences in the 
carcasses aS a whole, demonstrates among other things, the 
remarkable recuperative capacity of pig tissues, a fact 


brought out by McMeekan (1940 c.). 
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SUMMARY 

Associated with the high price of feed grains and 
protein supplements since 1973, and the increased use of 
these feedstuffs by humans, efforts have been intensified by 
nutritionists to find alternative energy and protein sources 
for livestock feeding. Studies to determine the effects of 
partial or total replacement of SBM by FB on the performance 
of starting - finishing pigs and the effects of inclusion of 
up to 40% cassava in pig starter diets were carried out at 
The University of Alberta, Edmonton Research station. 

The results indicate that partial replacement of SBM by 
FB had no adverse effects on the performance of starter 
pigs. ADF, ADG and EFC of pigs receiving diets containing up 
to 21% FB were not significantly different from the SBH- 
based diets. Lysine and methionine supplementation of the 
diets containing FB did not Significantly improve 
performance. When FB completely replaced SBM, ADF, ADG and 
EFC were significantly depressed. Lysine and methionine 
supplementation of these diets Significantly improved 
performance but not up to a level equivalent to diets 
containing SBM or SBM-FB. The inclusion of cassava at up to 
40% of the diet had no adverse effects on performance or on 
thyroid function as measured by the levels of T3 and T4 in 
the plasma. 

During the finishing phase, the FB diets supplemented 
with lysine and methionine produced significantly lower 
(P<0.05) ADF and ADG than the SBM or SBM-FB diets. 


Unsupplemented FB diets were significantly inferior to the 
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other diets. 


Pigs on the unsupplemented FB diets were lighter at 
Slaughter and took longer to get to market weight than the 
other pigs. There were no Significant differences between 
most of the carcass traits measured (Dressing %, ham 
weight/carcass weight %, loin area, lean in ham face, lean 
area ham/ham weight and Grade Index). 

Digestion coefficients of DE and DN by the 4N-HC1 
method were significantly lower (P<0.01) than by the total 
| collection method. There were. no significant differences 
between treatments for DE determined by the total collection 
method or for DN determined by either the total collection 
method or 4N-HC1 method. 

The present study demonstrates that a 50:50 combination 
of SBM-FB, supplemented or unsupplemented with lysine and 
DL-methionine can be used in pig starter diets to produce 
results similar to that obtained on a SBM supplemented diet. 
Cassava can also be included in such diets at a level of up 
to 40% without a reduction in performance or measurable 
change in thyroid function. FB-supplemented diets with added 
lysine and methionine may be fed as finishing diets to 
produce comparable, although slightly lower performance than 
SBM or SBM-FB supplemented diets. The results also confirm 
earlier findings that diets containing 16% crude protein can 


be fed satisfactorily to pigs from starting to finishing. 
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APPENDIX 1 


Grading 


Aherne et al. (1974) reviewed the hog grading system in 
Canada. The system is based on total backfat measurements 
and dressed carcass weight. The total backfat is the sum of 
the measurements of maximum depth of shoulder fat and the 
maximum depth of loin fat. Carcasses weighing between 150- 
159 pounds and having an average total backfat of 3.2-3.3 
inches are given an index of 100. The index changes for 
every two-tenths of an inch of backfat and nine carcass 
weight brackets (range 90 1b to over 196 1b). The different 
combinations of backfat and carcass weight are given indexes 
ranging from 87-112. Thus pigs having low backfat and 
carcass weights between 150-180 lb receive the highest index 
rating. The market price of pigs is based on carcasses with 
an index of 100 and a carcass receiving an index of 110 
would receive 10% more per pound than the base market price. 
Similarly a carcass with an index of 90 would receive 10% 


less per pound than the market price. 


Record of Performance (R.0.P.) System 


Canada approved a revised Record of Performance Testing 
of Swine in 1971. It involves the use of a carcass score 
which provides an estimate of the combined yield of the four 


lean cuts of the carcass. This score is derived from the 


following: 


1 Carcass length - measured in inches from the front 
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of the first rib to the aitch bone. 
2. Total backfat (measured at 3 points - sum of the 


maximum shoulder and loin fat plus minimum visible 


midback fat). 
3. Area of loin. 
4. Percent ham of side. 
5. Ratio of lean area in face of ham and weight of han. 
The following formula is then used to estimate the 


percentage yield of trimmed cuts in the carcass. 


ROP y = 51.68 - (3.234 x X) + (1.038 x X ) 


+ (0.485 x X) + (11.766 x X ).+tE 


where 51.68 


a constant term, estimated yield 


X = total fat (3 measurements) 
X = loin area 
X = percent ham of carcass 


area of lean in ham face 


ham weight 


E = sex correction factor 
(+1.1% for barrows, -1.1% for gilts) 


At the present time, this index is too elaborate for 
use in routine grading of market pigs, but is useful in 


assessing pig carcasses in nutritional research studies. 
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MEAN SQUARES AND PROBABILITY FOR DIGESTIBILITY STUDIES 
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